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I NIRODUCTION

The properties of a number of materials of interest to the

United States Air Force and in particular to the Materials

Laboratory at the Air Force Wright Aeronautical Laboratories are

contained in Military Handbook 5 (MIL-HDBK-5). Over the years

extensive evaluations have provided the basic properties of many
-- . aerospace materials. On a continuing basis this data base has

been expanded to include not only new materials being considered

"for aerospace applications but also to supplement the properties

of materials presently in the handbook. The purpose of the

project reported heLein was to determine the effect of various
manufacturing processes on the properties of two aluminum alloys

and one steel alloy. In particular the materials tested were:

15-5PH (HI050) steel plate

7175-T736 aluminum hand forging

"705" -T736511 aluminum extrusion

A summary of the test results was provided in the data

sheets issued earlier and contained in Appendix B.
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TEST PROCEDURE

Where possible, accepted standard test samples and proce-

dures were used in determining the properties of the materials

in this program. However, in several instances it was necessary

to design test specimens which would conform to the structural

shape of the material provided (plate, forging, or extrusion).

Prior to testing, the specimen geometry was approved by the con-

tracting agency. The specimen geometries for all tests are

contained in Appendix A.

A summary of the test methods used for each of the

materials is contained in the following table.

Aluminum Aluminum
Stainless Steel 7175-T736 7050-T736511

15-5 PH Hand Forgin_ Extrusion

Tensile ASTM E8-81 ASTM E8-81 ASTM E8-81
Tests Round Round Rectangular

Rectangular Short Round Short Flat
Short Round

Tensile

Compression AS'IM iS9-77 ASTM F.9-77 ASTM E9-77
Tests Rectangular Round Rectangular

Round

Bearing ASTM E238-68 ASTM E238-6i8, ASTM E238-68
Pin Bearing Pin Bearin2 Pin Bearing_

Shear Double Rivet Double Rivet Amsler Double
AIAA-ARTC-13- AIAA-ARTC- Shear

(-I 13-S-1
Tension Single Amsler Double

Shear (Sheet) Shear
AIAA-ARTC-13-S-I

Fatigue Notched Kt=3.0 Notched ft=3.0 N.A.
Round Round
Fldt Flat

Unnotched Ktl.Q Unnotched K =1.0
Round Round
Flat Flat

2



Tension Tests

The standard E8-81 specimen for sheet type material was
utilized for both longitudinal (L) and long transverse (LT)

directions. The E8-81 standard 0.50-inch diameter round tensile

specimen was used whenever possible for non-sheet material

forms. When it was riot possible to use this specimen design

shorter specimens were used as shown in Appendix A. The tensile

ultimate and yield strengths, 0.2-percent offset, elongation,

modulus, and reduction in area were measured and calculated

using the ASTM specificatiois.

Compression Tests

The standard E9-77 specimen (both round and rectangular)

were utilized for these tests. The ends of the specimens were

ground flat and parallel to within 0.0002 inch to minimize bend-

ing and buckling within the specimen. Also, an anti-buckling

fixture was utilized, which provided high lateral constraint

with minimum axial constraint.

* Bearing Tests

Bearing tests were conducted per the ASTM Standard Method

E238-68 (Pin-type Bearing Test of Metallic Materials).

Specimens were of various thicknesses and were tested with e/D

ratios of 1.5 and 2.0. Results obtained included both bearing

yield strength and bearing ultimate strenqth.

Shear Tests

The shear test specimen designs were a function of material

thickness. For thicknesses less than 0.25 inch (sheet material)

the tension-shear pin loaded specimen of AIAA Standard Test

Procedure ARTC-13-S-l was utilized. These were used in testing

the Stainless Steel 15-5 PH alloy only. For thicknesses greater

than 0.25 inch a pin-type double shear-test specimen was used.

Both the pin-type double shear specimen (AIAA ARTC-13-S-l) and

the Amsler Pin Shear specimen were tested in this effort to

3
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evaluate potential differences in data generated by each method.

The ultimate shear strength is reported for each test.

Fatigue Tests

Fatigue tests were conducted for Stainless Steel (15-5 PH)

as well as for the Aluminum Hand Forging (7175-T736) in accord-

ance with ASTM E 466-76. No fatigue tests were performed for

the Aluminum Extrusion (7050-T736511). Four types of specimens

were used; notched and unnotched, round and flat. See Appendix

A. The stress concentration for the notched samples was 3.0.

Fatigue test frequency did not exceed 30 Hz. The stress ratio

(R) for all fatigue tests was 0.1.
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15-5PH (H1025)

PRECIPITATION HARDENING STAINLESS STEEL PLATE

Background

Selected properties of 15-5 PH Condition A (annealed)

stainless steel bars, forgings, and rings are available in MIL-

Handbook HDBK-5. Since precipitation hardable stainless steels

offer many unique properties such as high transverse-notch-

toughness and good forging characteristics it is desirable to

expand the data base for the mechanical properties of this

material. Good fracture toughness and impact properties are ob-

tained when the H1025 heat treatment is used (hardening treatment

at 1025*F, four hours and thei air cooled). The 15-5 PH (HI025)

stainless steel alloy plates used for this project were received

in thicknesses from 0.215 to 2.579 inches, widths varying from 10

to 16 inches, and lengths varying from 35 to 78 inches.

Material Description

The average chemical conposition of the 15-5 PH (H1025)

tested was as shown in Table 1.

The geometry and heat number of plates used for fabrication

of test samples is shown in Table 2. Each plate was heat treated

separately to the H1025 condition. It should also be noted that

plate number 8 has a larger dimension in the width direction than

in the length direction. This alloy was obtained as hot rolled

plate that was solution annealed and pickled.

L Figures la thru If shows the layout of the specimens in

each of the plates. Figures lc thru If are for plates 6 through

9 respectively. Samples were taken from two planes in plates 8

and 9 and require auxiliary views to show the specimens in two

layers.

Specimen Numbering Sequence

A sample specimen numbering sequence is shown as follows:

5

'i -%

'°°"' 5



material-Steel Plate No. Specimen No. of Total

15-5PH 1 thru 10 1 of 3

STL P1 -1-3 T -L

/Test Type Sml Directio~

T=Tensile L=Longitudinal

C=Compression LT=Long transverse

S=Shear ST=Short transversern B=Bearing
F=Fatigue

TABLE 1

CHEMICAL COMPOSITION1 OF' 15-5 PH (H 1025) STAINLESS STEEL

Chemical Composition Percent Weight

Carbon 0.037
Manganese 0.32
Phosphorus 0.023
Sulfur 0.004
Silicon 0.43
Chromium 14.59
Nickel 4.73
Copper 3.27
Columbium 0.23
Tan ta lum 0.01
I ron Ba lance

Thus the specimen shown is for 15-5 PH steel taken from plate 1,

* it is the first of three tensile samples in the long~itudinal

direction. Table 3 shows the test matrix for the 15-5 PH stain-

less steel.

Test R~esults

* ~Tension, comnpression, shear, bearing, and fatigue tests were

performed on this material. The results from these tests are

* reported in the following paragraphs and the associated tables
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and figures. Appendix A contains the specimen geometries for

each of the test types performed. Data sheets generated during

the source of this program are in Appendix R.

Tension. The results of the tensile tests are presented in

Table 4. Table 4a shows the tensile properties for samples in

the longitudinal direction obtained from rectangular specimens.

Tables 4b thru 4d contain the results from long transverse-

rectangular, longitudinal-round, and long transverse-round

specimens. A typical stress-strain curve for this material is

"shown in Figure 2. Figures 3 and 4 show graphically the tensile

* ultimate and tensile yield stress as a function of plate thick-

ness range. The data points in Figures 3 and 4 were taken from
- the condensed data of Table 9. This table provides the mechani-

cal properties for ranges of plate thickness. Thus, the data

points of mechanical property as a function of thickness are

plotted for thickness "brackets" of 0.2 inch to 0.6 inch, 0.6 to

1.0 inch, 2.0 to 2.5 inches, and 2.5 to 3.0 inches. For example,

the data points in Figure 3 for Ftu of 172 ksi at a thickness of

approximately 0.4 inch represents the range of specimens having

plate.-thicknesses of 0.215 inch, 0.269 inch, 0.277 inch, 0.394

inch and 0.524 inch. The remaining figures in this section which

provide mechanical property data as a function of plate thickness

are also provided for the same ranges on "brackets".

Compression. Table 5 contains the yield strength and com-

pression modulus results from compression tests on the 15-5PH

1(H025). Tables 5a thru 5e are for compressive samples that are

rectangular-longitudinal, rectangular-long transverse, round-

longitudinal, round-long transverse, and round-short transverse.

Figure 5 is a typical stress-strain curve for this material in

compression. Figure 6 shows the compressive yield stress for

various plate thickness ranges.

Shear. Two different specimen geometries were used to

,.- determine the shear properties of 15-5PH (HI025). Shear results

were obtained from the pin-type double shear specimen (83-EDD-A-

062 in Appendix A). The results for this specimen are shown in
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Table 6a. Table 6b provides the results of the shear testing for

the tension single-shear type specimens (Drawing No. 83-EDD-A-068

in Appendix A). A graphical representation of ultimate shear

stress as a function of plate thickness range is shown in Figure
7.

Bearingo Pin-bearing test results are reported for e/D of

1.5 and 2.0 in Table 7. The ratio of the distance between the

centerline of the hole in the bearing specimen (83-EDD-A-065 in

Appendix A) and the edc. of the specimen (e) to the diameter of

the bearing hole (D) is e/D. Tables 7a and 7b present the

results for an e/D=l.5 for longitudinal and long transverse grain

orientations. Tables 7c and 7d are for an e/D of 2.0. A typical

stress-strain curve is shown in Figure 8. Figures 9a through 9d

present bearing ultimate and bearing yield respectively as a

function of plate thickness range and the e/D ratio.

Fatigue. Axial load fatigue tests were performed at room

temperature to determine the number of cycles to failure at a

given maximum stress. The ratio (R) of minimum to maximum stress
was 0.1. Both notched and unnotched specimens were tested.
Tables 8a through 8f present the results for fatigue tests con-

ducted using round and flat samples. Figures 10 through 13

depict SN curves of the axial load fatigue data for notched

(Kt= 3 .0) and unnotched (Kt=l.0) in both longitudinal and long

transverse grain orientations. Note the large scatter band

formed can be directly related to original plate thickness.

Summary of Mechanical Properties

Curves for each of the above material properties (tension,

compression, etc.) as a function of plate thickness range have

been presented. These results are summarized in Table 9 which

provide mechanical properties in the plate thickness ranges

shown. In general, the properties are greater for the thinner

and thicker plates but there is not a significant deviation.
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TABLE 2

GEOMETRY AND HEAT NUMBER FOR 15-5PH (H 1025)

STAINLESS STEEL PLATE:S

Plate Number Heat Number Plate Width Length
Thickness (inches) (inches)
(inches)

1 7BII-lFAI 0.215 10 64

2 B159-4DBI 0.277 10 36

3 8B110-2FI 0.394 10 49

4* 8BIIO-2FI 0.394 10 49

5 A496-411 0.524 10 78

6 2B005-211 0.808 10 59

7* 2B005-211 0.808 10 59

"8 7B241-1BI 2.024 10 6].

9 0B113-4C1 2.579 35 16

n 10 8A782-2F 0.269 12 60

*Heat treated separately

9

o.1



111:

LA- LL..
-C\J

C)* Z) Lrco 4
U- ~~ ~ ~i LA L L. A-0 =

M cn cy, rn C-C ,

U)

- 10

w ) I
.......................................



- 0

0

$4

C4-

111

*e V- ::$



r-4

.LLIJ

11:W:

LJ4J

Ll-..L LL. LI-. LL. 0

111 - L- U- -

Ildii

C-J C~j

12



F-

LAJ

ý4.

~LA-LL. L-L.L-LJLL.LL- U- LJ. LA-4i

r--4-4 r-4 P-- r-4 Cn enC^I

04.

C5 C: C:) 119 TZw

44444444

1..3



a. LU

LL- LA L6 L L Ljjcc

-L LfL.-

0- -~* 0

<0

Ill 1-15

* 44

0
>4

04

-'179 00

Is V * -18118 ]s
L- 0

CC o '"Co
:I 'c 

4&

'-111

-- ~i10

A 60 6 6M ZMeOC



-J LU --

FFFV5
.8~L -cc r~-

I~b~~JL) o* CD

0 OLLJ

- -

LN 1. 0-

I ~4.
- -~ ISO

0
_j -J

-cl CO '

CýE CE
P- <~ 9>

1±. L... L U. U.. r~% I-T5

co UN C LL

Clf
cl

.V. ^t: C.

* .4j

15



* -

ON 0

- I -

qq m- 0% PI$ 01fb MM F nj k$ W

V N

*ý Md$ foE f"p -p rio) fn fn

a,. • *0_. . .II . - q

ed'
S0 0

oo

C$4

r4-(

in 4m %n im

dg C;-

mA M 606 Pi0 0" 0 fn 4 0"4' 0% n

('44

0 V 0O

0-I

-3 -3 . Z . 3 4



TABLE 4A

TENSILE TEST RESULTS FOR I 5 (H 1025)
(RECTANGULAR - LONC I)

LLTItMTE 0.2 PERCET ELONG.
TENSILE OFFSET YIELD IN 2 IN. REDJCT. TENSILE

SPECIMEN ID. Kai (MPa) Kai (IPa) PRECENT PCT It (GPa)

LONG, RECTANGLLUR, LONGITID.INL

I-1-3 173.4 (1196) 165.4 (1141) 11.62 50.660 27 (199.9)
ST.LP1-2-3T-L 173.2 (1194) 166.4 (1147) 12.42 52.7?5 3B (219.1)
STLPI-2-3T-L 173.0 (1187) 166.8 (1150) 11.65 51.35 2 (198.6)
STLP3-1-3T-L 17.40 (1216) 168.4 (1161) 12625 51.37 8670 (197.7)
STLP2-2-3T-L 176.2 (1187) 16762 (143) 11675 52.91 29340 (2W.13)
STLP2-3-3T-L 176.1 (1194) 168.2 (1160) 12.08 51.61 28398 (19.0)
STLP3-1-3T-L 176.4 (1216) 168.7 (1163) 16.55 568.3 2M40 (194.7)
S121 LP3 3T-L 176.2 (1215) 176.6 (1149) 16.25 57.59 29022 (19.01)
STLP3-3-3T-L 176.7 (1218) 168.3 (1167) 16.00 55.,2 PA0 (195.7)
STLP4-1-3T-L 176.5 (121) 170.5 (1176) 16.10 56.63 2819 (193.1)
STLP4-2-3T-L 178.2 (1229) 170.3 (1174) 16.25 55.35 283 (195.4)
STLP4-3--3T-L 178.2 (1229) 170.2 (1173) 15.85 55.86 2850 (197.0)
ST1.PS-1-3T-L. 165.8 (1143) 161.7 (1115) 18.,48 63.63 288 (196.4)
STL.PS-2-3T--L 166,0 (1145) 161.0 (1110) 18.50 62.0? 80 (195.1)
STLPS-3--3T-L 165.1 (1139) 161.7 (1115) 18.75 62.51 PESS8 (199.8)

STLPI1-1-3T-L 163.4 (1126) 158.9 (1895) 14.82 57.30 29360 (282.4)
STLPl0-2-3T-L 163.6 (1126) 159.2 (199) 14.72 57.98 295 (204.0)
STLP10-3-3T-L 163.2 (1125) 158.9 (1895) 14.49 57.04 290:9 (200.6)

AVEAE 171.7 (1184) 165.5 (1141) 14.91 56.12 Z8760 (198.3)
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TABLE 4B

TENSILE TEST RESULTS FOR 15-5PH (H 1025)
(ROUND - LONGITUDINAL)

LLTIMATE 0. 2 PER T ELONG.
TENSILE OFTSE YIELD IN 2.8 IN. REDUCT. TENSILE
STRENGTH ST•R Th ( 50.8 oan) IN AREA MIOCU.IS

SPECIMEN ID. Kli (MiPa) Kat (PPa) PERCENT PERCENT Ksi (GPa)

LONG, R01ND, LONGITUDIINL

STLP6-1-3T-L 169.0 (1166) 165.7 (1143) 16.25 65.87 267 (199.1)
STLP6-2-3T-L 169.8 (1166) 165.7 (1143) 15.75 64.93 28910 (199.3)
STLP6-3-3T-L 168.5 (1162) 164.8 (1136) 15.75 65.47 288 (198.5)
STLP?-1-3T-L 168.9 (1165) 164.6 (1135) 15.15 63.98 2A0 (196.5)
STLP7-2-3T-L 168.3 (1161) 164.3 (1133) 15.70 64.29 272 (191.1'
STLP7-3-3T-L 168.3 (1161) 164.6 (1135) 15.75 64.29 Ze15 (194.1)
STLPG-1-3T-L 168.6 (1162) 163.9 (1130) 14.85 59.87 8 (199.1)
STLP%-2-3T-L 168.3 (1161) 163.6 (1128) 15.00 59.62 U .(19.0)
STLP•-3-3T-L 169.2 (1167) 164.5 (1134) 14.40 58.798 24 (195.4)
STLP9-1-3T-L 173.8 (1193) 168.6 (1162) 14.55 60.38 9 (194.8)
STLP9-2-3T-L 174.2 (1201) 169.8 (1171) 14.20 58.53 276B (198.4)
STLP9-3-3T-L 173.0 (1193) 168.3 (1161) 14.40 59.37 28810 (198.6)

AV:ERF 169.9 (1172) 165.7 (1143) 15.15 62.12 (196.7)
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TABLE 4C

TENSILE TEST RESULTS FOR 15-5PH (H 1025)
(RECTANGULAR - LONG TRANSVERSE)

LLTIMATE 8.2 PERCET ELONG.
TENISILE IFSE YIELD IN4 2 114. REUCT. TENSILE
"STFENTH STRENM (58.8) IN AA MODLULS

SPEC' IMENID ID. Ki(8 (MPa) lKsi (riPe) PMCENTfl PEC Ks i (GPa)

LONG, RtCTf~aL.tR, LONG R

STLPi-1-3T-LT 176.0 (1214) 169.6 (1169) 11.16 52.-9 26760 (198.3)
STLPI-2-3T-LT 176.4 (1217) 169.1 (1166) 12.00 52.83 26489 (196.3)
STLPI-3-3T-LT 174.9 (1296) 168.2 (1159) 11.51 43.17 ZS (197.9)
STLP2-1-3T-LT 175.1 (1207) 178.9 (1179) 13.87 53.21 M9p (m. 1)
STLP2-2-3T-LT 174.6 (1204) 169.8 (1165) 12.77 53.69 29178 (201.1)
STLP2-3-3T-LT 175.4 (1209) 169.9 (1171) 12.84 52.98 28630 (197.4)
STLP3-1-3T-LT 174.3 (1202) 167.5 (1155) 14.75 68.2 28318 (195.2)
STLP3-2-3T-LT 173.8 (1199) 165.? (1142) 17.10 59.31 29648 (197.4)
STLP3-3-3T-LT 173.8 (1199) 166.7 (1149) 16.85 59.Z4 28738 (198.1)
STLP4-1-3T-LT 177.6 (1225) 169.3 (1167) 17.15 56.61 2 (197.3)
STLP4-2-3T-LT 178.6 (1231) 169.3 (1167) 16.65 57.81 2 (194.8)
STLP4-3-3T-LT 178.3 (1238) 169.7 (1179) 17.18 56.65 285P (196.7)
STLP5-1-3T-LT 166.1 (1145) 162.0 (1117) 17.80 58.34 Z9 (198.0)
STLPS-2-3T-LT 165.0 (1137) 168.5 (1187) 17.58 58.67 29508 (3.4)
STLP5-3-3T-LT 165.7 (1143) 161.5 (1114) 17.30 59.64 M18 (197.3)
STLP18-1-3T-LT 164.7 (1136) 159.6 (1101) 13.55 48.Z8 29898 (208.5)
STLP18-2-3T-LT 164.9 (1137) 168.4 (1186) 12.85 48.97 26798 (198.5)
STLP1--3-3T-LT 164.6 (1135) 159.6 (1101) 13.68 58.05 2892 (199.4)

AVE 172.2 (1168) 166.0 (1145) 14.71 55.84 28768 (198.3)
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TABLE 4D

TENSILE TEST RESULTS FOR 15-5PH (H 1025)
(ROUND - LONG TRANSVERSE)

ULTIMATE 0.2 PERCENT E'01G.
"TENILE OFFSET YIELD IN 2.0 IN. REUT. TENSILE

STRENGTH STRENGTH ( 8.8 amn) IN AREA f,')DLLI
SPECIMENI ID. Kit (M Pa) Ksi (FPa) PERCENT PERCENT Ksi (Oa)

LONG, ROUND, LONG TRASVRSE

STLP6-1-3T-LT 168.9 (1164) 165.3 (1149) 15.40 65.09 283 (197.4)
STLP6-2-3T-LT 168.9 (1164) 165.8 (1143) 15.80 65.33 29018 (290.0)
STLP6-3-3T-LT 169.1 (1166) 165.3 (1148) 15.69 64.38 79059 (200.3)
STL1-I-3T-LT 168.6 (1163) 165.5 (1141) 15.80 64.38 28170 (194.3)
"STLP7-2-3T-'LT 168.5 (116Z) 165.2 (1139) 15.48 61.96 2 (2.2)

- STLPT-3-3T-4T 168.3 (1160) 164.6 (1135) 15.70 64.69 28440 (196.1)
STLPS-1-3T-LT 169.3 (1167) 164.9 (1137) 14.85 68.59 28560 (196.9)
STLP0-2-3T-LT 169.3 (1167) 164.7 (1135) 14.52 59.84 2769 (192.3)
STLP--3-3T-LT 169.5 (1169) 164.5 (1135) 15.20 69.47 2 (197.4)
STLP9-1-3T-LT 174.2 (1291) 169.0 (1165) 13.97 57.91 2897M (199.7)
STLP9-2-3T-LT 174.2 (1201) 178.9 (1172) 14.05 55.64 2952 (196.6)
STLP9-3-'-JT-LT 173.8 (1199) 168.9 (1164) 14.17 57.66 269 (197.9)

AVERE 179.2 (1174) 166.1 (1146) 15.84 61.41 2 (197.6)
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Figure 2. Typical Stress Strain Curve in Tension at Room
Temperature for 15-5PH (H1025).
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Figure 3. Tensile Ultimate Stress as a Function of Plate
Thickness Range for 15-5PH.
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Figure 4. Tensile Yield Stress as a Function of Plate Thickness
for Various Plate Thicknesses for 15-5PH.
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TABLE SA

COMPRESSION TEST RESULTS FOR 15-5PH (H 1025)
(RECTANGULAR, LONGITUDINAL)

6.2 PERCENT
OFF~T YIELD COMPRESSIVESPECIMEND STH MODU.LUS

IDEKTIFICATIOQ Kssi (Pa) Ksi (GPa)

RECT•tGULAR, LONGITUDIL.l
STLPI-1-3C-L 1:79.7 (19) 29"56 (25.1)
*STLP1-2-3C-L 174.2 (1201) 2994 (26.5)
STLPI-3-3C-L 180.2 (1243) 2g28 (201.5)
STLP2-1-3C-L 183.3 (1264) 3 (199.1)
STLP2-2-3C-L 183.5 (1265) 2999 (296.8)
STLP2-3-3C-L 194.3 (1271) 36680 (211.5)
STLP3-1-3C-L 182.3 (1257) 3 (208.?)
STLP3-2-3C-L 178.4 (1230) 29 (264.8)
"STLP3-3-3C-L 179.6 (1239) 29498 (283.3)
STLP4-1-3C--L 182.3 (1257) 38 (210.3)
STLP4-2-3C-L 183.6 (1266) 35 (210.4)
STLP4-3-3C-L 181.8 (1254) 29180 (208.6)
STLP10,-1-3C--L 168.1 (115"9) 20'20 (199.4)
STLP10-2-3C-L. 168.4 (1161) 30310 (209.6)
STLP10-3-3C-L 167.5 (1155) 29340 (20.3)

S178.5 (1231) 297"6 (205.2)
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TABLE 5B

COMPRESSION TEST RESULTS FOR 15-5PH (H 1025)
(ROUND, LONGITUDINAL)

0.2 PERCENT
OFFSET YIELD COMM;MIVE

SPECIMEN STRENGTH MODI.LUS
IDENTIFICATION Ksi (M'Pa) Kai ((Pa)

Ra•, LONGITUDINAL

STLP6-1-3C-L 171.8 (1185) 30160 (207.9)
STLP62-3C-L 174.1 (1200) 30989 (213.6)
STLP6-3-3C-L 174.4 (1203) 29840 (205.8)
STLP7-1-3C--L 172.6 (1190) 30640 (211.3)
STLP7-2-3C-L 173.2 (1195) 29830 (205.7)
STLP7-3-3C-L 173.3 (1195) 29630 (204.3)
STLP'-1-3C-L 173.1 (1194) 38 (20.8)
STLPS-2-3C-L 173.7 ('1198) 30160 (208.0)
STLPB-3-3C-L 174.1 (1200) 2965 (204.4)
STLP9-1-3C-L 175.4 (1210) 30210 (208.3)
STLP9-2-3C-L 174.9 (1206) 29430 (Q .9)
STLP9-3-3C-L 174.1 (1201) a.e (201.'9)

AVRG 173.7 (1198) 3010 (20.9)

- ---

25

4"• '. ' . - . " ,'' . ,' ', ' p. *."** * * -"" -,• " . . , ' ' • . . . - .* ..-. . ...-.- _ .. . . •• , . •,. r .'. . . '



&..

, TABLE 5C

COMPRESSION TEST RESULTS FOR 15-5PH (H 1025)
(RECTANGULA,, LONG TRANSVERSE)

0.2 PERCENT
OFFSET YIELD COMPRESSIVE

.SECIMEN STRENGTH MOD-"
'IENTIFICATIONI Ksi (MPa) Ks i (GPa)

RECTANQLUA, LONG TR eRSE

STLPI-1-3C-LT 178.3 (1230) 30510 (210.3)
STLPI-2-3C-LT 179.6 (1238) 30560 (210.7)
"STLP1-3-3C-LT (1•.3 (1229) .0180 (288.1)
STLP2-1-3C-LT 18L.; (1256) 29248 (201.6)
"STLP2-2-3r--LT 181.3 (1W50) 29698 (204.7)
STLP2-3-3C-LT 176.5 (1217) 29900 (2086.1)

- LP3-1-3C-LT 182.2 (1257) 29290 (202.0)
STLP3-2-3C-LT 179.7 (1239) 29340 (U22.3)
STLP'-3-3C-LT 182.2 (1256) 29230 (201..6)
STLP4-1-3C-i-T 176.9 (1220) -'3690 (197.8)
STLP4-2-3C-LT 181-1 (1248) 295M (63.5)
STLP4-3-3C-LT 179.5 (1238) ý488 (209.6)
STLP5-1-3C-LT 169.7 (1170) 30480 (209.6)
STLP5-2-3C-Li 170.4 (1175) 30260 (288.6)
STLP5-3-3C-LT 169.8 k,1171) 30140 (2e7.8)
STLP10-1-3C-LT 169.7 (1178) 30100 (20;.5)
STLP10-2-3C-LT 170.1 (1173) 29790 (M•5.')

SSTLP10-3-3C-LT 170.2 (1174) 29630 (205. ,)

",VERAG 176.5 (1217) 29840 (205.7)

-p
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TABLE 5D

COMPRESSION TEST RESULTS FOR 15-5PH (H1025)
(ROUND, LONG TRANSVERSE)

0.2 PERCENT
OFFSET YIL.D COMPRESSIVE

SPECIMEN STF0GT MODU..US
IDENTIFICATION Ke i (MPa) Kai (GPa)

ROUN4D, LONG TW8SVERSE

STLP6-1-3C-LT 174.6 (1204) 29B30 (25.7)
STLP6-2-3C-LT 173.4 (1196) 29690 (204.7)
STLP6-3-3C-0-T 174.5 (1203) 293?0 (202.5)
STLP7-1-3C-LY 171.9 (1185) 29930 (206.3)
STLP7-2-3C LT 172.9 (1192) 29940 (206.5)
S7TLP7-3-3C--LT 172.1 (1186) 29460 (203.1)
STLPS-1-3r,-LT 172.4 (1188) 30180 (208.1)
STLPS-2-?,C-LT 172.1 (1187) 29960 (206.2)
STLPS-3-3C-LT 173.4 (1196) 29880 (206.0)
STLP9-i-3C-LT 175.1 (1207) 29582 (204.0)
STLPg-2-3C-LT 175.4 (1210) 30100 (207.6)
•TLP9-3-3C-LT 175.4 (1210) 30060 (207.3)

AVEGE 173.6 (1197) 29830 (205.7)
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TABLE SE

COMPRESSION TEST RESULTS 15-5PH 1025)
(ROUND, SHORT TRANSVERS :)

0.2 PERCENT
OFFSET YIELD COMPRSSIVE

SPECIMEN STREGTH MO.DLLL5
IDT•rIFICATION Ksl (IPa) Kai (GPa)

ROWD, SHORT "RAHSVERS

STLP.-I-3C-ST 173.4 (1196) 30240 (208.5)
STLPS-2-3C-ST 172.7 (1191) 30346 (209.2)
STLP9-3-3C-ST 173.1 (1194) 30160 (207.9)
STLP9-1-3C-ST 176.4 (1216) 29760 (294.8)
STLP9-2-3C-ST 177.3 (1722) 3017M (208.0)
STLP9-3-3C-ST 176.3 (1216) 29580 (204.6)

A: A 174.9 (1206) 3 0 (207.1)
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Figure 5. Typical Stress Strain Curve in Compression at
Room Temperature for 15-5PH (H 1025).
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Figure 6. Compressive Yield Stress vs. Plate Thickness
for 15-5PH.
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TABLE 6A

DOUBLE RIVET SHEAR RESULTS FOR 15-5PH (H 1025)

LLTIMATE LLTIP14TE
SPECIMEN SHEAR STREGTH SPECIMEN S STREGTH

IDENTIFICATION Kv i (MPI) IDEINTIFICATION Ka I (MP&)

LONG TWANRSE

S1P3-•t-3S-LT 111.9 (771.5) STLP4-1-3S-LT 113.5 (782.6)
STLP3-2-3S-LT 112.1 (773.1) STLP4-2-3S,-LT 113.3 (791.2)
STLP3-3-3S-LT 112.4 (774.7) STLP4-3-3S-LT 113.6 (783.4)
STLP5-1-3S-LT 164.5 (720.9) S.LP6-l-3S-LT 108.6 (748.7)
STLP5-2-3S-LT 104.5 (720.8) STLP6-2-3S-LT 108.5 (748.4)
STLPS-3-3S-LT 104.7 (722.0) STLP6-3-3S-LT 169.1 (745.5)
STLP`7-1-3S-LT 166.6 (735.2) STLP`-1-3S-LT 198.3 (747.0)
STL.P7-2-3S-LT 166.6 (734.9) STLP8-2-3S-LT 108.0 '745.0)
STLP7-3-3S-LT 186.6 (73A.9) STLP8-3-3S-LT 107.8 (743.8)
STLP9-1-3S-LT 109.9 (757.9)
STLP9--2-35-LT 110.1 (758.8)
STLP9-3-3S-LT 169.6 (757.1)

AVERAGE 169.0 (751.7)

LOI4GIThJDINAL.

STLP3-1-3S-L 112.7 (777.2) STLP4-1-3S-L 166.9 (736.7)
SSTLP.3-2-3S-L 113.2 (768.) STLP4-2-3S--L 167.9 (744.1)

S.STLP3-3-3S--L 114.3 (786.4) STLP4-3-3S-L 107.3 (748.6)
S~TP5-1-36-L 163.8 (789.9) STLP6-1-3S-L 111.7 (778.3)
STLP5-2-3S-L 183.0 (718.1) STLP6-2-3S5-L 112.3 (774.2)
SThP5-3-3S-L 162.6B (769.0) STLP`6-3-3S-L 112.2 (774.8)
STL.P7-1-3S-L 1.06.5 (734.3) STLPG-1-3S-L 106.6 (735.2)

186:23SL .1 (731.5) STLPS-2-3S-L 186.6 (735.2)
STP-33- 160(738.9) STLP`8-3-3S-L 166.3 (732.9)

STLP,9-13 107.3 (739.6)
-sSTL.P9-2-35--L 10e. 6 (749.1)
sSTLP9-3--3s-L 108.3 (746.7)

AVERAGE 199.1 (745.2)
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TABLE 6B

TENSION SINGLE SHEAR RESULTS FOR 15-5PH (H 1025)

"LLTIMPATE ULTIMATE
* SPECIME SHEAR STREPGM SPECIMEIN SHEA STRENGTH

SIDENTIFICATION Ksi (lPa) IDENTIFICATION Ksi (MPa)

LONG TRANSVERSE

STLPI-1-3S-LT 115.4 (795.7) STLP2-1-3S-LT 115.5 (796.4)
STLP1-2-3S-LT 114.3 (788.4) STLP2-2-3S-LT 113.7 (783.6)
STLPI-3-3S-LT 115.8 (798.4) STLP2-3-3S-LT 111.6 (769.4)
STLP10-1-3S-LT 109.7 (756.1)
STLP10-2-S-LT 110.3 (760.8)
STLP10-3-3S-LT 112.7 (777.0)

AVEGE 113.2 (780.6)

LONGITUDINAL

STLPi-I-3S-L 115.3 (795.Z) STLP2-1-3S-L 115.6 (7%.9)
STLPI-2-3S-_ 115.1 (793.4) STLP2-2-3S-L 116.9 (806.0)
STLP1-3-3S-L 116.7 (805.0) STLP2-3-3S-L 115.7 (797.7)
STLP10-1-3S-L 111.2 (766.4)
STLP10-2-3S-I. 109.7 (756.4)
STLP10-3-3S-L 112.1 (773.0)

"AVERAGE 114.3 (787.8)

I,
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Figure 7. Ultimate Shear Stress vs. Plate Thickness

for 15-5PH.
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TABLE 7A

PIN BEARING RESULTS FOR 15-5PH (H 1025)
(e/D = 1.5, LONGITUDINAL)

BEARING YIELD BEARING LLTIr%:TE
SPECIMEN SIENG ST IG24

IDENTIFICATION Kai (MPa) Kai (MPa)

e/D- 1.5, LOINGITUDINAL

STLP1-1-3"4-L 237.9 (1640) 283.3 (1953)
STLP1-%:-3b--L 261.7 (1684) 297.5 (2051)STLP1-3-39.t,. 254.6 ( 1755 ) 295. 1 ( 2M3)

STLP2-1-3b-L. 263.1 (1814) 29e.1 (205)
STLP2-2-3R-.. n_8.5 (17m) 297.8 (2W3)
STLP2-3- 3B,.. t-2Q. 0 (1792) 296.4 (2B43)
STLP3-1-C4B--L MO., 1 (1724) 293.7 (2MM)
STLP3-2-3.-L .249.3 (1719) 293.6 (2:25)
SILP3-?-3B-L 242.4 (1672) 284.3 (1960)
STLP4-1-3B-L 259.6 (1790) 381.2 (2m76)
STLP4-2-3B-L a,,S. 6 (1763) 383.7 (2094)
S1L.P4-3-3B-L as1.z :ipp1 383.5 (2693)
STLP5-1-3B-. 238.9 (1592) 267.3 (1843)
STLP5-2-3B-q 237.2 (1635) 268.9 (1854)
STLPS-3-3B-L 232.2 (1681) Z72.6 (1879)
STLPS-1-3B-L 248.7 (1660) 287.8 (1984)
STLP6-2-3B-L 249.5 (1721) 285.0 (1965)
STLP6-3-3B--L 238.7 (1646) 285.5 (1968)
STLP7-1-3B-L, 244.1 (1683) 281.3 (1946)
STLP7-2-3B-L 244.4 (1685) 294.0 (1958)
STLP7-3-3B--L 239.7 (1652) 280.1 (1932)
STLP8-1-3B--L 248.5 (1713) 286.6 (1998)
STLPS-2-3B-L 245.8 (1695) 283.6 (1955)
STLPS-3-3B-L 244.6 (1686) 288.6 (1990)
STLP9-1-3B-L 242.1 (1669) 287. 6 (1983)
STLP9-2-3B--L 246.2 (1697) 268.5 (1989)
STLP9-3-3B-L 244.4 (1685) 286.4 (1988)
STLPIS-1-3B-L 230.9 (1592) 276.4 (1986)
STLP19-2-3B-L 233.7 (1611) 276.5 (1986)
STLPi9-3-3B-L 234.1 (1614) 279.6 (1928)

AVE~E 246.1 (1696) 287.3 (1961)
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TABLE 7B

PIN BEARING RESULTS FOR 15-5PH (H 1025)

(e/D = 1.5, LONG TRANSVERSE)

N.l

BERRING YIELD BEARING ULTIMATE
SPEIESTGTH STGTH

IDENTIFICATION Kst (MPa) Kai (MPa)

elD - 1.5, LONG TR4SVEtSE

STLPI-1-3B-LT 245.0 (1689) 299.1 (1994)
STLP1-2-3B-LT 251.7 (1736) 293.9 ( O)
STLP1-3-3B9-LT 254.5 (1755) 29•.5 (2817)
STLP2-1-3B-LT 253.9 (1751) 292.9 (2m)
STL.P2-2-3B-LT 251.4 (1733) 296.2 (2842)
STLP2-3-3B-LT 262.5 (1810) 299.6 (2066)
STLP3-1-3B-LT 232.9 (1606) Z76.4 (1086)
STLP3-2-3B-LT 249.1 U1717) 298.6 (209)
STLP3-3-3B-LT 246.0 (1696) 297.2 (2049)
STLP4-1-3B-LT 260.6 (1793) 302.6 (2087)
STLP4-2-3B-LT 257.2 (1773) 302.8 (2986)
STLP4-3-3B-LT 262.9 (1813) 305.4 (2106)
STLPS-1-3B--LT 232.5 (1603) 277.6 (1914)
STLPS-2-3B-LT 248.0 (1655) 277.1 (1911)
S1L.PS-3-3B-LT 235.0 (1620) Z75.2 (1896)
STLP6-1-3B-LT 248.5 (1714) 283.2 (1053)
STLP6-2-3B-LT 239.2 (1649) M.4 (1%54)
STLP6-3-3J-LT 246.8 (17M2) 263.5 (1555)
STLP7-1-3B-LT 238.3 (1643) 298.6 (1930)
STLP7-2-3B-LT 241.1 (1662) 281.4 (1948)
STLP7-3-3B-LT 246.6 (1706) 290.6 (1935)
STLP8-1-3B-LT 247.7 (1708) 284.2 (1968)
STLP0-2-3B-LT 248.2 (1656) 283.0 (1951)
STLP8-3-3B-LT 244.3 (1684) 283.2 (1953)SIh.P9-1-3B-LT 249.6 (81721) 29.7 (1997)
STLP9-2-3B-LT 253.4 (1747) 288.8 (1991)
STLP9-3--3B-LT 245.6 (1693) 286.7 (1996)
STLPIB-1-3B-LT 238.2 (1642) 276.7 (1986)
STLP10-2-3B-.LT 234.7 (1618) 275.9 (1962)
STLP10-3-30-iT 239.3 (1650) Z?5.6 (1981)

AVERAGE 246.3 (1698) Z87.2 (19e6)
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TABLE 7C

PIN BEARING RESULTS FOR 15-5PH -9 1- 25
(e/D = 2.0, LONGITUDINAL)

BEARIN;G YIELD BEARING LLTIMATE
SPECIMEN ISTRTH STEHTh

IDEI)O FI(ATION Ks i (MlPa) Ks i (MPa)

e/D - 2.0, LONGITUDIIAL

ST-tPI-1-3B-L 291.2 (2008) 37e.9 (2613)
STLP1-2-3B-L 288.5 (1989) 375.6 (2590)
STLPl-3-3B-L 291.9 (2013) 373.1 (2573)
ST.P2-1-3B-L 293.6 (2024) 377.3 (2657)
STLP2-2-3B-L 296.0 (2841) 375.7 (2591)
STr-P2-3-3B-L 277.3 (1912) 375.9 (2592)
STLP3-1-3B-L 284.2 (1968) 376.4 (255)
STLP3-2-3B-L 299.4 (2864) 373.5 (25n5)
STLP3-3-3B-L 290.6 (2003) 366.4 (2526)
STLP4-1-3B-L 311.7 (2149) 389.1 (2683)
STLP4-2-3B-L 304.2 (2898) 3%.5 (2693)
STLP4-3-3B-L 311.5 (2148) 388.1 (2676)

- STLP•-1-3B-L 276.9 (1909) 348.4 (2402)
S-LPS-2-3B.-L 273.2 (1884) 347.8 (2396)
STLP5-3-3B-L. 273.6 (1886) 348.8 (2405)
STLP6-1-3B-L 291.0 (2006) 364.7 (2514)
"STLP6-2-3B--L 290.0 (1999) %6.2 (2525)
"STLPS-3-3B-L 286.2 (1974) 368.7 (2542)
STLP7-1-3B-L 268.4 (1850) 363.1 (2503)
STLP7-2-3B-L 273.2 (1884) 363.7 (2507)
STLP7-3-39-L 278.7 (1922) 363.0 (2503)
STLP8-1-3B-L 292.0 (2014) 370.6 (2555)
STLPB-2-3B-L 273.8 (1888) 366.1 (2524)
STLPS-3-30-L 285.7 (1970) 367.2 (2532)
STLP9-1-36-L 285.7 (1970) 366.5 (2527)
STLP9-2-3B--L 294.1 (2M28) 368.2 (2539)
STLP9-3-39-L 291.8 (2012) 369.0 (2544)
STLP10-1-3B-L 275.6 (1900) 356.0 (2455)
STLPI0O-2-3B-L 274.1 (1890) 355.9 (2454)
STLPIG-3--3B-L 276.7 (1908) 357.3 (2464)

AVERGE 28.7 (1977) 368.4 (2540)
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TAB3LE 7D

PIN BEARING RESULTS FOR 15-5PH (H 1025)
(e/D 2.0, LONG TRANSVERSE)

BEARING YIELD EtiRIIG ULTIMA~TE
SPECIM'EN STRENGTH STRENGTH

IDENTIFICATION ~ Ksi (I'Pa) 1(51 (M'P&)

e/D - 2.0, LONG TRAINSARSE

*STLPI-1-3B-LT 294.0 (2027) 373.4 (Z574)
STLP1-2-3B-LT 283.7 (1956) 378.6 (2610)
STLPI-3-39-i.T 292.5 (2617) 376.3 (2594)
STLP2-1-3B-LT 293.0 (2626) 378.2 (2608)
STLP2-2-3B--LT 297.2 (2049) M7.7 (2618)
STLP2-3-3B-LT 296.6 (2045) 379.4 (2616)
STLP3-1-3B-LT 295.5 (2037) 384.6 (2652)
STLP3-2-3B-LT 292.8 (2619) 361.1 (2628)
STLP3-3ý-39-LT 295.0 (2034) 378.3 (2609)
STLP4-1-3B-LT 305.2 (2164) 365.2 (2656)
STLP4-2-3B-LT 298.2 (2056) 389.5 (2685)
STLP4-3-3B-LT 305.9 (2109) 384.0 (2647)
STLP5-1-3B-LT 35O0. (2413) 296.9 (2W4)
STLP5-2-3B-LT 273.6 (1886) 357.6 (2466)
STL.P5-3-3B-LT 277.8 (1916 353.7 (2439)
STLP6-1-38-LT 280.8 (19:36) 367.2 (2532)
STLPS-2-39-LT 28:3.3 (1954) 365.4 (25M6)
STLP6-3-39-LT 285.1 (1966) 364.7 (2514)
STLP7-1-38-LT 285.3 (1967) 359.1 (2476)
SThP7-2-39-LT 275.3 (1898) 362.5 (2499)
STLP7-3-3B-LT 281.0 (1937) 359.7 (2480)
STLPS-1-39-LT 283.3 (1953) 366.3 (2526)
STLP8-2-39-LT 283.1 (195-2) 363.3 (2505)
STLP8-3-39-LT 277.7 (1915) 365.7 (2521)
STLP9-1-39--LT 290.8 (2065) 368.1 (2538)

*SrLP9-2-3B-LT 288. 1 (1987) 369.5 (Z547)
*STLP9-3-3B--LT 278.5 (1920) 372.6 (2565)

STLPIO-1-38--LT 273. 8 (168M) 359.5 (2479)
STLP10-2-30-Lr 278.9 (1923) 359.4 (2478)
STLP10-3-3B-LT 277.3 (1912) 355.5 (2451)

AVEt4GE 289.1 (1993) 367.8 (2536)
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Figure 8. Typical Stress - Deflection Curve in Bearing for
15-5PH (if 1025), (e/D = 1.5, D = 0.251, thick-
ness = 0.999 in).
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Figure 9a. Bearing Ultimate Stress vs. Plate Thickness Range
for e/D 1.5.
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Figure 9b. Bearing Yield Stress vs. Plate Thickness
for e/D 1.5.
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Figure 9c. Bearing Ultimate Stress vs. Plate Thickness Range
for e/D = 2.0.
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"TABLE 8A

FATIGUE TEST RESULTS FOR 15-5PH (If 1025)
(FLAT, UNNOTCHED, LONGITUDINAL)

Kt = 1.0

Specimen Max imum Stress Cycles to
Identification kst (MPa) Failure Remarks

Flat, Unnotched, Longitudinal

STLP1-5-5FL 180. (1241.1) m.A. Broke first cycle
STLP3-1-SFL 175. (1206.6) 28,100
STLP4-5-SFL 175. (1206.6) 30,300
STLP2-1-5FL 172.5 (1189.4) 26,800
STLP3-5-SFL 170. (1172.2) 23,080
STLP2-5-SFL 167.5 (1154.9) 25,5W0
STLP1-4-FIL 165. (1137.7) 75,500
STLP5-2-SFI. 1C2.5 (1120.4) 15,40
STLP10-4-SFL 168. (1163.2) 23,100
STLP4-1-5FL 155. (1068.7) 198,900
STLP10-5-5FL 152.5 (1051.5) 197,600
STLP1-2-SFL 150. (1034.3) 132,500
STLP5-5-5FL 147.5 (1017.0) 85,000
STLP3-4-'FI. 145. ( 999.8) 10,000,000 Runout
STLP4-2-SFL 142.5 ( 982.5) 322,480
STLP1-2-5FL 140. ( 965.3) 1,574,000 Invalid-broke in grip
STLP10-3-5FL 140. ( 965.3) 88,200
STLP1-3-5FL 137.5 ( 984.1) 113,000
STLP4-4-SFL 135. ( 930.8) 65,400
STLPS-3-5FL 132.5 ( 913.6) 353,5W0
STLP2-2-SFL 130. ( 896.4) 138,300
STLP3-3-5FL 127.5 ( 879.1) 87,700
"STLP5-4-5FL 127.5 ( 879.1) 10,000,000 Runout
STLP10-1-5FL 125. ( 861.9) 92,200

- STLP4-3-SFL 125. ( 861.9) 133,700
STLP3-2-SFL 122.5 ( 844.6) 16,000,00 Runout
STLPI-1-5FL 120. (827.4) 10, ,000 Runout
STLP2-3-SFL 128. ( 827.4) 345,200
STLPS-1-SFL. 117.5 ( 810.2) 10, o0,000 Runout
STLP2-4-5FL 105. ( 724.0) 10,000,600 Runout

*Note; Specimens were taken from plates 1, 2, 3, 4, 5, 10.
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TABLE 8B

FATIGUE TEST RESULTS FOR 15-5PH (11 1025)
(ROUND, UNNOTCHED, LONGITUDINAL)

yt = 1.0

Specimen Max ifum Strese Cycles to
Identification ksi (MPa) Failure Remarks

Round, UnLnotched, Longitudinal

STLP7-3-SFL 180. (1241.1) N.A. Failed below 160 ksi
STLP9-4-5'L 177.5 (1223.9) 24,600
STLP6-3-SFL 175. (1206.6) 30,8e0
STLPS-3-SFL 172.5 (1189.4) 55,100
STLP9-5-5FL 172.5 (1189.4) 43,800
STLP7-4-5-L 172.5 (1189.4) 27,900
STLP9-2-5FL 170. (1172.2) 84,680
STLP6-4-SFL 170. (1172.2) 52,700
STLP8-2-5FL 167.5 (1154.9) 67,580
STLP8-4-SFL 167.5 (1154.9) 51,200
STLP6-1-SFL 165. (1137.7) 137,200
STLP7-5-SL 165. (1137.7) 105,500
STLPS-5-5FL 165. (1137.7) 3,676,700
STLP9-3-5FL 162.5 (1120.4) 174,480
STLP6-5-SFL 162.5 (1120.4) 2,806,780
STLP7-I-SFL 168. (1103.2) 52, 908
STLP6-2-SFL 157.5 (1066.0) 2,676,900
STLPB-1-SFL 155. (1068.7) 2,125,400
STLP7-2-5FL 152.5 (1051.5) 10,000,000 Runout
STLP9-1-5FL 150. (1034.3) 9,765,700

*Note: Specimens were taken from plates 6, 7, 8, 9.
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TABLE 8C

FATIGUE TEST RESULTS FOR 15-5PH (H 1025)
(FLAT, NOTCHED, LONGITUDINAL)

Specimen Maximum Stress Cycles to
Identification ksi (MPa) Failure Remmrks

"Flat, Notched, Longitudinal

STLP5-1-SFL 110. (758.45) 10,480
STLP4-2-SFL 105. (723.98) 9,100
"STLP2-4-F1L 100. (689.50) 11,300
STLP3-2-SFL 95. (655.63) 15,660
STLP5-2-5FL 92.5 (637.79) 20,100
STLP1-3-5FL CO. (620.55) 20,600

"" STLP10-4-5FL 85. (586.80) 37,06
STLP4-3-5FL 82.5 (568.84) 32,200
STLP2-1-SFL 80. (551.60) 52,700 56 kst 0 to 27400 cy
STLP3-3-I.TL 77.5 (534.36) 49,5W0
STLP10-5-bt.- 75. (517.13) 58,366
STLP5-3-SFL 75. (517.13) 30,6W0
STLPO- 2-5FL 72. (496.44) 30,0
STLP1-Z-5FL 70. (482.65) 39, 8W
STLP4-5-SFL 70. (482.65) 59,700
STLP1-5-5FL 67.5 (465.41) 43,8W6
STLP5-4-5FL 67.5 (465.41) 60,460
STLP3-5-5FL 65. (448.18) 54,800
STLP2-3-SFL 64. (441.28) 132,300
STLP10-3-SFL 62.5 (430.94) 95,066
STLP2-2-5FL 60. (413.70) 242,480
STLP3-4-SFL 57.5 (396.46) 134,860
STLP1-4-SFL 55. (379.23) 125,666
STLP4-4-5FL 55. (379.23) 8,417,100
STLP3-1-SFL 52.5 (361.99) 184,586
STLP5-5-5FL 52.5 (361.99) 117,060
STLP1-1-SFL 50. (344.75) 483,860
STLP4-1-SFL 50. (344.75) 1,620,700
STLP2-5-SFL 47.5 (327.51) 10,866,600 Runout
STLP1-1-3FL 40. (275.80) 10,000,000 Runout

* Note: Specimens were taken from plates 1, 2, 3, 4, 5, 10.

45



TABLE 8D

FATIGUE TEST RESULTS FOR 15-5PH (H 1025)
(ROUND, NOTCHED, LONGITUDINAL)

Kt = 3.0

Specimen Max imum Stress jcleCS to
Identif Icat Ion ksl (PP*) Failure Remarks

Round, Notched, Longitudinal

$7LP6-1- .-FL 100. (689.56) 13,400
STLP9-2-5%L 95. (655.03) 11,700
STLP8-3-15 L 95. (655.03) 18,700
STLP7-1-5FL 90. (620.55) 19,40
STLPS-4-5FL 87.5 (603.31) 19,300
STLP9-4-5FL 87.5 (663.31) 19,900
STLP6-3-SFL 85. (586.08) 48,060
STLP9-5-5L 82.5 (568.84) 18,900
STLP6-4-SFL 82.5 (568.94) 21,100
STLPB-I-%FL 80. (551.60) 33,300STFr51F 77.5 (534.36) 28,400
STLP7-2-5FL 72.5 (499.89) 49,600

STLP9-1-SFL 70. (482.65) 83,300
STLP7-5-SFL 67.5 (465.41) 437,680
STL.6-2-7L 65. (448.18) 92,800
STLP8-5-5FL 62.5 (430.94) 105,500
STLPT-3-SFL 62.5 (430. 94) 201,2W•

SSTLP7-4-SFL 60. (413.70) 111,300
STLP-2SFL 60. (413.70) 164,300

STLP9-3-5FL 57.5 (39.46) 10, 000,000 Runout

* Note: Specimens were taken from plates 6, 7, 8, 9.
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TABLE 8E

FATIGUE TEST RESULTS FOR 15-5P11 (H 1025)
(ROUND, UNNOTCHED, LONG TRANSVERSE)

Kt 1.0

"Specimen Maximum Strees Cycles to
Identi rication ksa (MPa) Fahlure Remarks

Round, Unnotched, Long Transverse

STLP6-7-10FLT 189. (1241.1) 489
STLP6-4-IWLT 177.5 (1223.9) 23,199
STLP6-5-I8FLT 175. (1296.6) 24,400
STLP6-1-1FLT 179. (1172.2) 36,8W
STLP6-9-10FLT 167.5 (1154.9) 62,68W
STLP6-6-1FLT 167.5 (1154.9) M.A. Invalid: wrong loads
STLP6-2-18FLT 165. (1137.7) 525, 60
STLP6-0-10FLT 162.5 (1129.4) 55,700 Invalid: spec twitted
STLP6-10-IF.LT 162.5 (118.4) 6,945,59
STLP6-3-I1PLT 160. (1193.2) N.A. Invalid: wrong loads

* Note: Specimens were taken from plate 6.

PI
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TABLE 8F

FATIGUE TEST RESULTS FOR 15-5PH (H 1025)
(ROUND, NOTCHED, LONG TRANSVERSE)

Kt = 3.0

Specimen Maxlimum Stress Cgjcles to
Identification ksa ;MPa) Failure Remarks

Round, Notched, Lons Transverse

STLP6-9-1eFLT 90. (628.55) 16,600
STLP6-4-10FLT 85. (586.68) 2,0108
STLP6-1-10FLT 60. (551.68) 34,2W
STLP6-5-1FLT 75. (517.13) 29,09e
STLP6-2-10FLT 78. (482.65) 52,9W
STLP6-6-1F'LT 65. (448.18) 61,008
STLP6-3--I..T 60. (413.79) 116,098
SITLPS-7-1eFLT 55. (379.23) 124,588
STLP6-18-1eFLT 52.5 (361.99) 162,100
STLP6-0-1FLT 50. (344.75) 16,9008,66 Runout

*Note: Specimens were taken from plate 6.
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120 -800

110- 15-5PH STAINLESS STEEL
PLATE, CONDITION H1025

100- NOTCHED, LONGITUDINAL 700
R =0.1, Kt =3.0 R.T.

0-

90-
-600 "

S 80-
0) C0

500
S70-.

(.1) (1)

D 60
400~

X450
300

40-

30 -200

20 I
10 10 10 106

LIFETIME, Nf, CYCLES

Figure 11. Axial Load Fatigue Band for Notched 15-5PH Stain-
less Steel (111025, Longitudinal, Kt 3.0).
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"7175-T736 ALUMINUM ALLOY HAND FORGING

Ba-ckround

There is very little information on the mechanical

properties of 7175-T736 aluminum. Section 3.7.4 in Mil-Handbook

* HDBK-5 has been reserved for this material but to date none is

presented.

"Material Description

This 7175 Aluminum Alloy, heat-treated to the T736 temper,

was produced by ALCOA as a hand forging. Six f-)rgings were

received in thicknesses ranging from 2 to 6.25 inches, widths

ranging from 12 to 16 inches, and lengths of either 30 or

31 inches.

The average chemical composition of the six heats is shown

in Table 10.

"TABLE 10

CHEMICAL COMPOSITION OF 7175 ALUMINUM ALLOY

Chemical Percent
Corneosition Weight

Silicon 0.078
Manganese 0.010
Magnesium 2.1
Iron 0.089
Copper 1.3
Zinc 5.3
Titaniium 0.021
Chromium 0.190
"Aluminum Balance

The 7175 aluminum alloy was processed into rectingular

shapes by hand forging. The alloy plates were heat treated to

"the T736 temper. The geometry and heat number of the forging

used for fabrication of the sample is shown in Table 11.
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Figure 14 shows the layout of the specimens in the forging.

The specimens are grouped around the centerline as shown. This

grouping was replicated three times from each forging.
Specimens 1.5B-ST, AS-ST and T-ST (also denoted with an *) were
not included when the sample thickness was not large enough to

provide an adequate specimen. Also, the specimens were centered

on the forging thickness. Fatigue samples in the long

transverse (LT) direction were obtained from forging 4 only.

The nomenclature for the sample is as follows:

AS - Amsler Shear -L Longitudinal

1.5B - Bearing (e/D = 1.5) -LT Long Transverse

C - Compression -ST Short

Transverse

IK tF - Unnotched Fatigue

3KtF - Notched Fatigue

S - Double Shear

Specimen Number!ngSeq!_uence

A sample specimen numbering sequence is shown as fol'ows;

ALFP4-2-3C-ST

"- 1 Spec. No. Testampe

Material No. of Total Type Direction

Aluminum 1 thru 6 2 of 3 T-Tensile L-Longitudinal

Forging C-Compression LT-Lorg Transverse

S-Shear ST-Short

Transverse

B-Bearing

F-Fatigue

For the specimen shown above the material is for 7175-T736,

and comes from forging number 4 (3 3/4"), is the second of three

compression specimens in the short transverse direction.
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Test Results

As can be seen from Table 12, specimens were obtained for

all types of tests, in .ll three directions (L, LT, ST).

Fatigue samples were obtained for the L and LT directions. Plates

5 and 6 were not thick enough from which to obtain shear and

bearing samples in the ST direction. The geometry of the

specimen used for each type of test is contained in Appendix A.

Appendix B contains the data sheets previously published for

this material.

Tension. The results of the tension tests are shown in

Table 13. The longitudinal and long transverse results were

obtained from long, round tensile specimens. The short

transverse were obtanined from both long and short round

specimens. Only forging number 2 was thick enough to permit

obtaining a long specirien. Forgings 1, 3, 4, and 5 required the

use of short round specimens. Forging 6 was not thick enough to

obtain a sample. A typical stress-strain curve in tension for

this material izs shown in Figure 15. Tensile ultimate and ten-

sile yield stress are plotted as a function of forging thickness

in Figures 16a and 16b respectively. As can be seen these

values increase for thinner forgings.

Compression. Compression results were obtained for all six

forgings in all three directions. Results are presented in

Table 14. Table 14a contains the results for the longitudinal

sam-ples. Long transverse and short transverse results are in

Tables 14b and 14c respectively. A typical stress-strain curve

for this material, is shown in Figure 17. Compressive ultimate

and compressive yield strengths are plotted as a function of

forging thickness in Figure 18.

Snear. Two specimen types were used to determine the shear

properties of 7175-T736 aluminum hand forgings: double-rivet

shear and AmsleL shear. Table 15 provides the results from

these tests. Table 15a is for the double-rivet she3r and Table

15b is for the Arnsler shear. The ultimate shear strengths es-

tablished using the Amsler'-shear fixture were from 2.6 percent
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to 11.4 percent higher depending on specimen orientation and

forging thickness. The Amsler-shear fixture is an extremely

rigid fixture and seems to better restrain bending over the

length of the test specimen producing higher data. Results of a

typical shear test are shown graphically in Figure 19. Figure

20 plots the combined ultimate shear strength as a function of

forging thickness.

Bearing. Pin-Bearing Test results are reported for e/D of
1.5 and 2.0 for all three directions (L, LT, arid ST) in Table

16. The ratio, e/D, is the ratio of the distance between the

centerline of the hole in the bearing specimen and the edge of

the specimen (e) to the diameter of the bearing hole (D).

Tables 16a through 16c are for dn e/D of 1.5. Tables 16d

through 16f are for an e/D of 2.0. A typical stress-deflection

curve in bearing is presented in Figure 21. The bearing ul-

timate and yield strengths are plotted as a function of forging

thickness for e/D of 1.5 in Figures 22a and 22b respectively.

Figures 23a and 23b present similar results for e/D=2.0.

Fatigue. Axial load fatigue tests were performed at room

temperature to determine the number of cycles to failure at a

given maximum stress. The ratio of minimum to maximum stress

was 0.1. Both notched and unnotched round sai;wples in the lon-

gitudinal and long transverse direction were tested. Tables 17a

through 17d present the results from tests of these samples.

Figures 24 through 27 graphically summarize the results of these

tests for the geometries and orientation identified above.

Summary of Mechanical Properties

A summary of the individual material properties for various

ranges of forging thicknesses is given in Table 18 for the

aluminum hand forging (7175-T736).
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TABLE 11

GEOMETRY AND HEAT NUMBER FOR 7175-T736 ALUMINUM ALLOY
HAND FORGINGS

Plate Number Heat Number Plate Width Length
Thickness (inches) (inches)

(inches)

1 56648-01 4 3/4 12 1/4 30 1/4

701403

2 56648-01 6 1/4 12 29 1/2
701403

3 56640-01 5 1/4 15 30 1/4
701402

4 56642-01 3 3/4 15.5 30 1/2
701402

5 56657-01 2 3/4 13 1/2 23 1/4
701403

6 56644-01 2 16 3/8 26 1/2
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9. I

1KtF-LT 3Kt F-IT

1KtF-LT 3KtF-LT

1KtF-LT 3KtF-LT

1KtF-LT 3KtF-LT

lKtF-LT 3KtF-LT

1KtF-LT 3KtF-LT

lKtF-LT 3KtF-LT

1KtF-LT 3KtF-LT

1KtF-LT 3KtF-LT

]KtF-LT 3KtF-LT

1KtF-LT 3KtF-LT

LT

DIRECTION
L

MATERIAL 7175-T736 AL
HAND FORGINGS

Figure 14b. Material 7175-T736 AL Specimen Layout
Hand Forgings.
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TABLE 13A

TENSILE RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(LONG, ROUND, LON(,IT'UDINAL)

ULTIMATE e.2 PERCENT ELOIG.
TENSILE OFFSET YIELD IN 2.0 IN. REDUCT. TENSILE
STRNM 5 1 T(GTH 50.8 amm) IN AREA MOIULUJS

SPECIMIEN ID. KaA (MPa) Kei (MPa) PERCENT PERCENT Ksl (GPa)

LONG, RO•NID, LONGITUDINAL

ALFPI-1-3T-L 69.17 (476.9) 58.16 (401.0) 22.50 39.99 10010 (69.05)
ALFP1-2-3T-L 69.98 (482.5) 59.29 (408.7) 22.90 40.30 10330 (71.23)

JLFP1-3-3T-L 67.98 (468.7) 56.77 (391.4) 23.60 39.73 9992 (68.98)
A.LFP2-1-3T-L 65.89 (454.3) 53.85 (371.3) 23.50 37.39 9898 (68.19)
ALFP2-2-3T-L 66.45 (458.1) 54.14 (373.3) 23.90 37.66 186W0 (73.09)
ALFP2-3-3T-L 65.71 (453.1) 53.30 (367.5) 23.10 40.85 16810 (74.56)
ALFP3-1-3T-L 68.63 (473.2) 56.17 (367.3) 22.50 36.88 9982 (68.83)
ALFP3-2-3T-L 70.60 (486.8) 59.48 (410.1) 19.40 38.27 18450 (72.07)
ALFP3-3-3T-L. 68.06 (469.3) 55.83 (364.9) 22.90 36.42 10148 (69.91)
R.FP4-1-3T-L 73.29 (585.4) 62.70 (432.3) 22.40 36.51 1E&-7 (76.78)
.LFP4-2-3T-L 71.67 (494.2) 61.02 (420.7) 22.66 46.59 10286 (70.88)

ALFP4-3-3T-L 72.55 (SM6.2) 61.69 (426.7) 22.30 43.34 9932 (68.48)
:LFP5-1-3T--L 77.72 (535.9) 69.12 (476.6) 21.80 37.15 186 (76.49)

A.FPS-2-3T-L 78.19 (539.1) 69.13 (476.7) 23.:8 37.02 10330 (71.23)
-3-3T-L 76.56 (52.9) 67.82 (467.6) 17.313 (71.01)

ALFP6-1-3T-L 08.03 (551.8) 71.49 (492.9) 22.40 37.78 103 (76.54)
A:LFP6-2-3T-L 80.12 (552.4) 71.69 (494.3) 22.00 37.34 10240 (70.63)
ALFP6-3--3T-L 78.78 (543.2) 69.52 (479.3) 20.28 37.98 10170 (70.15)

AVERAGE 72.30 (498.5) 61.74 (425.7) 22.13 36.56 10230 (76.56)
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TABLE 133

TENSILE RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(LONG, ROUND, LONG TRANSVERSE)

LLTIMATE 0.2 PERCENT ELO4G.
TENSILE OFFSET YIELD IN 2.6 IN. RELJCT. TENSILE
STRNTH STF434Th ( 56.8 m,) IN HA MODULUS

SPECIMEN ID. Ksi (MPa) Ksi (MPa) PERCENT PERCENT Ksi (GPa)

LONG, ROLtID, LO01G TRANSVERSE

ALFPI-1-3T-LT 70.93 (489.1) 59.96 (413.4) 9.02 14.89 18366 (71.83)
PLFP1-2-3T-i.T 68.92 (475.2) 56.35 (366.6) 14.50 19.66 10176 (78.69)
QLFPi-3-3T-LT 69.36 (478.2) 56.82 (391.8) 15.60 19.49 18368 (71.83)
ALFP2-1-3T-LT 66.24 (456.7) 51.63 (356.6) 13.90 18.64 10136 (69.86)
;FnJ2-2-3T-LT 65.93 (454.6) 51.71 (356.5) 13.80 17.65 9978 (68.80)
lLmP2-3-3T-4t.r 66.45 (450.1) 51.96 (356.3) 13.96 17.95 16266 (76.32)
ALFP3-1-3T-LT 67.70 (466.8) 54.27 (374.2) 15.40 18.68 16346 (71.31)
PLFP3-2-3T-LT 67.57 (465.9) 53.77 (370.7) MO.r 18.31 18160 (78.e2)
ALFP3-z-3T-LT 67.14 (463.6) 52.94 (365.0) 12.90 17.42 9662 (68.14)

..F'P4-1-3T-LT 71.37 (492.1) 59.97 (413.5) 15.86 24.61 16648 (69.24)
AUJP4-2-3T-LT 71.59 (493.6) 59.84 (412.6) 15.48 19.66 16678 (69.41)
ALFP4-3-3T-LT 71.67 (494.2) 60.51 (417.2) 18.10 25.93 10186 (76.17)
iLFP5-1-3T-LT 76.48 (527.3) 67.17 (463.1) 17.50 28.23 16588 (72.97)
ALFPS-2-3T-LT 76.13 (524.9) 66.80 (460.6) 16.90 22.56 10640 (69.24)
ALFPS-3-3T-LT 76.88 (530.1) 67.96 (467.9) 17.60 24.31 9983 (68.83)

5LFP6-1-3T-LT 76.66 (537.8) 68.73 (473.9) 16.66 22.21 19910 (69.05)
ALFP6-2-3T-LT 77.94 (537.4) 69.68 (479.9) 19.68 32.43 10526 (72.52)
ALFP6-3-3T-LT 77.69 (535.7) 70.04 (482.9) 19.76 36.00 18310 (71.09)

AVEGE 71.55 (493.4) 68.06 (413.7) 15.56 22.07 10186 (76.17)
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TABLE 13C

TENSILE RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(LCNG, ROUND, SHORT TRhNSVERSE)

LLTIMATE 0.2 PERCENT EL(OG.
TENSILE OFFSET YIELD IN 2.0 IN. REDUCT. TEIE
STRENGTH STRENGTH 50.8 mim) IN AREA MODUtUS

SPECIMEN ID. Ksi (MPa) Ksi (MPa) PERCENT PERCENT Ksi (GPa)

LONG, ROLtD, SHORT TRASVERSE

ALFP2-1-3T-ST 66.90 (461.3) 53.92 (371.8) 10.90 11.31 10490 (72.33)
A..FP2-2-3T-ST 67.08 (462.5) 53.75 (370.6) 12.28 12.24 16348 (71.32)
ALFP2-3-3T-ST 68.18 (470.1) 55.41 (38Q.0) 13.60 14.82 9801 (67.58)

AVEGE 67.39 (464.6) 54.36 (374.8) 12.23 12.79 16210 (70.41)
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TABLE 13D

TENSILE RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(SHORT, ROUND, SHORT TRANSVERSE)

3. LLTIMATE 0.2 PERCENT ELONG.
"T"ENSILE OFFSET YIELD IN 1.0 IM. REDUCT. T0SILE
STRENGTH STRENGTH ( 25.4 wmn) IN Ar. MOIXDL•q

-SPCIMEN ID. Ksi (MPa) Ks i (MPa) PERCENT PERCENT Ksi (GPa)

SHORT, ROULD, SHORT TRtIVERSE
F'P1-1-3T-ST 70.11 (483.4) 58.67 (404.5) 6.10 9.44 1158 .;

-LFP1-2-3T-ST 70.37 (485.2) 58.31 (402.1) 9.00 26.61 10090 (69.58)
ALFPI-3-3T-ST 68.61 (473.1) 57.28 (394.9) 7.00 16.16 10130 469.85)A.YP3-1-3T-ST 78.02 (538.0) 67.47 (465.2) 7.40 13.14 101-9 (69.81)
ALFP3-2-3T-ST 68.62 (473.2) 54.58 (376.3) 7.90 12.32 10130 (69.83)
ALtP3-3-3T-ST 68.55 (472.6) 54.76 (377.6) 8.50 16.36 10M (69.12)
ALFP4-1-3T-ST 72.05 (496.B) 59.81 (412.4) 9.30 19.00 9m48 (67.90)
k.FP4-2-3T-ST 71.60 (493.7) 61.26 (422.4) 9.10 20.50 10W48 (69.20)
AYP4-3-3T-ST 72.28 '498.4) 60.96 (420.3) 8.80 16.30 9564 (68.01)
ALFP5-I-3T-ST 76.05 (524.4) 66.02 (455.2) 8.10 13.35 983 (67.59)
LFtP5-2-I3T-ST 78.25 (539.5) 68.48 (472.2) 8.40 13.74 9M46 (67.89)

ALFP5-3-31-ST 75.16 (518.2) 67.11 (462.8) 9.20 17.75 10040 (69.19)

"" AVEGE 72.47 (499.7) 61.23 (422.2) 8.233 16.22 10010 (69.00)
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TABLE 14A

COMPRESSION RESULTS FOR ALUMINUM HAND FORGING (7175-T736)

(ROUND, LONGITUDINAL)

0.2 PERCENT
OFFSET YIELD COMPRESSIVE

SFECIMEN STRENGTH MOILLUS
IDENTIFICATION Ke i (MPa) Kai (GPa)

ROUt4, LONGITUDINAL

ALFP1-1-3C-L 60.56 (417.6) 10218 (70.41)
ALFP1-2-3C-L 60.26 (415.5) 10Z?0 (70.84)
ALFP1-3-3C-L 62.76 (432.9) 10368 (71.46)
ALFP2-1-3C-L 56-64 (390.5) 10170 (70.10)
kIFP2-2-3C-L 57.74 (398.2) 10378 (71.53)
ALFP2-3-3C-L 57.84 (398.8) 10490 (72.36)
ALYP3-1-3C-L 57.65 (398.8) 10550 (72.73)
P-FP3-2-3C-L 59.01 (406.9) 1 L48 (72.70)
ALFP3-3 -3-L 64.16 (442.4) 10610 (73.18)
ALrP4-1-3C-'. 64.63 (445.6) 18618 (73.13)

l qLFF,-2-3C-L 64.48 (444.6) 18670 (73.59)
41FP4 Z2-3C-L 65.25 (449.9) 10620 (73.20)
AU:PS-1-3C-L 71.04 (489.8) 10618 (on3.19)
PLFP5-2-3C-L 71.67 (494.2) 10778 (74.23)
ALFP5-3-3C-L 71.14 (496.5) 10658 (73.43)
AUFP6-I-3C-L 74.21 (511.7) 10690 (73.73)
ALFP6-2-3C-L 75.51 (52M.7) 16750 (74.13)

F,_P6-3-3C-L 73.62 (507.6) 10b08 (73.73)

AVE 64.91 (447,6) 10540 (72.65)

W
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TABLE 14B

COMPRESSION RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(ROUND, LONG TRANSVERSE)

a. 2 PERCENT
OFFSET YIELD COMPRESSIVE

""SPCIMEN STNGTH MOD
IDENTIFICATION Kai (MPa) Ku (GPa)

ROUND, LONG TRANSVERSE

A.FPI-1-3C-AT 61.63 (424.9) 116I 8 (76.29)
ALJP1-2-3C-LT 61.81 (420.6) 109I0 (75.72)
ALFPI-3-3C-LT 61.53 (424.3) 10980 (75.73)
FLFP2-I-3C-LT 57.44 (396.1) 11030 (76.05)

:LFP2-2-3C-LT 56.84 (391.9) 110M (76.01)
ALFP2-3-3C-LT 56.27 (388.0) 10910 (75.19)

I:.F :J-1-3C-LT 58.34 (482.3) 10666 (75.03)
$ALFP3-2-3C-LT 59.37 (409.3) 10989 (75.68)

LFUP3-3-3C-LT 58.03 (480.1) 19938 (75.36)
ALFP4-1-3C-LT 64.97 (448.0) 11120 (76.66)
FtFP4-2-3C-LT 63.25 (436.1) 10960 (75.55)

'LFP4-3-3C-LT 63.95 (441.0) 10940 (75.42)
UF05-1-B3C-LT 70.86 (488.6) 11060 (76.25)
'LFP5-2-3C-tLT 71.18 (490.8) 11108 (76.56)
JFS-3-3C-IT 70.83 (488.4) 1162 (75.98)

qrFP6-I-3C-LT 74.40 (513.0) 11190 (76.53)
ALFP6-2-3C-LT 74.21 (511.7) 11060 (76.23

AIYP6-3-3C-LT 73.63 (507.6) 11150 (76.88)

AVER 64.32 (443.5) 11028 (75.95)

h. 
k
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TABLE 14C

COPPRESSION RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(ROUND, SHORT TRANSVERSE)

e0.2 PERCENT
OFFSET YIELD COtFESSIVE

SPECIMEN STR1NGTII MODLLU
SIDENTIFICATION llsi (MP&) Ks i (GPa)

ROLMD, SHORT T •1SVERSE

ALFPI-1-3C-ST 60.96 (428.3) 10970 (75.64)
ALFPI-2-3C-ST 66.76 (418.9) 10960 (75.54)
ALFP1-3-3C-ST 60.67 (418.3' 10B60 (74.91)
* LFP2-I-3C-ST 56.8? (392.1) 10920 (75.27)
ALFP2-2-3C-ST 56.61 (391.7) 10890 (75.86)
FLFP2-3-3C-ST 57.69 (397.8) 109"0 (75.61)
:LFP3-1-3C-ST 56.93 (392.5) 10960 (75.56)
LFtP3-2-3C-ST 57.32 (395.2) 19O8 (75.14)

FtJP3-3-3C-'ST 61.33 (422.9) 16958 (75.50)
.LFP4-1-3C-ST 63.35 (436.8) 109M (75.51)

ALFP4-2-3C-ST 62.75 (432.6) 10910 (75.25)
ALFP4-3-3C-ST 63.22 (435.9) 10920 (75.30)
ALFPS-1-3C-ST 70.47 (4e5.9) IOM (75.31)

TLFP5-2-3C-ST 71.00 (489.6) 189o (75.09)
ALFP5-3-3C-ST 70.32 (484.9) 16670 (74.95)L'FP6 -- 3C-ST 72.38 (499.1) 198,8 (74.76)

rA.FP6-2-3C-ST 73.28 (505.3) 18948 (75.45)
1LP-i-3C-ST 73.87 (503.8) 16B0 (74.86)

AMU;Fa 63.84 (448.2) 192 (75.26)
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TABLE 15A

DOUBLE RIVET SHEAR RESULTS FOR ALUMINUM HAND FORGING (7175-T736)

ULTIMATE ULTIMATE
SPECIMEN SHEAR STRENGTH SPECIMEN SHEAR STRDTH

IDENTIFICATION Ksi (MPa) IDIENTIFICATION Ksi (MPa)

SHORT TR•S'ERSE

FLFPI-1-3S-ST 3B.89 (268.1) ALFP2-1-3S-ST 48.78 (281.2)AL.FP1-2-3S-ST 48.29 (277.8) ALFP2-2'--3S-ST 41.16 (283.8)

ALFPI-3-3S-ST 39.56 (272.7) :.FP2-3-3S-ST 37.93 (261.5)
AFP3-1-3S-ST 41.44 (285.8) ALF.P4-1.-3S-ST 48.33 (278.1)
AUFP3--2-3S-ST 38.53 (265.7) ALFP4-2-33-ST 48.56 (Z79.6)
ALFP3-3-3S-ST 39.64 (273.3) ALFP4-3-3S-ST 39.95 (275.5)
q.F`P5-1-3S-ST 42.17 (290.7) ALFP6-1-3S-$T 48.97 (292.5)
LF.P5-2-3S-ST 44.96 (310.0) ALFP6-2-3S-ST 43.89 (392.7)
tLFP5-3-3S-ST 39.96 (275.5) A..FP6-3-3S-ST 43.97 (383.2)

AVERAGE 48.83 (281.5)

LONG TRANWSVERSE

ALFPI-I-3S-LT 38.49 (265.4) ALFP2-1-3S-LT 37.95 (261.7)
ALFP1-2-3S-LT 38.69 (266.7) ALFP2-2-3S-LT 37.63 (259.4)
ALFP1-3-3SrLT 38.34 (264.3) :LF2•33S-LT 38.e4 (262.3)ALFP3r-I-3S-LT 3B.28 (264.0) ALFP4-1-3S-LT 39.91 (275.1)

ALFP3-2-3S-LT 38.85 (267.8) ALFP4-2-3S-LT 39.35 (271.3)
ALFP3-3-3S-LT 37.32 (257.3) ALFP4-3-3S-LT 40.37 (278.4)
ALFPS-1-3S-LT 41.62 (287.0) ALFP6-1-3S-LT 43.86 (392.0)
ALFP5-2-3S-LT 41.68 (287.4) ALFP6-2-3S-LT 43.33 (298.8)
ALFPS-3-3S-LT 41.91 (289.0) ALFP6-3-3S-LT 44.01 (363.5)

AVERAGE 39.98 (275.6)

LONGITUDINAL

ALFPI-1-3S-L 41.47 (285.9) ALP2-1-3S-L 41.14 (283.7)
ALFPI-2-3S-L 42.22 (291.1) ALFP2-2-3S-t 48.18 (277.0)
ALFP1-3-3S-L, 41.38 (285.3) AtFP2-3-3S-L 48.35 (278.2)
:LFP•3-1-3S-L 40.73 (280.8) ALFP4-1-3S-L 42.17 (290.7)
A.FP3-2-3S-L 44.62 (367.6) ALFP4-2-3S-L 42.93 (296.9)
4:F'P3-3-3S-L 40.49 (279.2) JLFP4-3-3S-L 42.44 (292.6)
LFPS---3S-L 45.53 (314.0) ALFP6-1-3S-L 45.96 (316.9)
tLFP5-2-3S-L 43.78 (301.3) :LFP6-2-3S-L 46.17 (318.4)

ALFPS-3-3S-L 44.70 (306.2) :LFP6-3-3S-L 45.92 (316.7)

AVEGE 42.89 (295.8)
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TABLE 15B

AMSLER DOUBLE SHEAR RESULTS FOR ALUMINUM HAND FORGING (7175-T736)

U.TIMATE LLTIMPTE

SPECIMEN SHEA STRaiGTH SPECIEN SE STRENGTH

IDENTIFICATION Kst (MPa) IDENTIFICATION Ksi (MPa)

94ORT TRANSVERSE

L.FPI-1-3S-ST 42.56 (293.5) PLFFZ-1-35-ST 41.52 (286.3)
ALFP1-2-3S-ST 43.45 (299.6) AUFP2-2-3S-ST 42.56 (293.0)
.LFP1-3-3S-ST 43.99 (302.3) ALFP2-3-3S-ST 41.61 (286.9)

A:LFP3-1-3S-ST 43.71 (381.4) ULFP4-1-3S-ST 43.75 (391.7)
AL.FP3-2-3S-ST 41.27 (284.6) ALFP4-2-3S-ST 42.97 (296.3)
ALFP3-3-3S-ST 46.47 (320.4) ALFP4-3-3S-ST 43.61 (300.7)

AVERGE 43.12 (297.3)

LONG TRANSVERSE

ALFP1-1-3S-LT 45.26 (312.1) ALFP2-1-3S-LT 41.04 (282.9)
ALFPI-2-3S-LT 41.59 (286.7) ALFP2-2-3S-LT 41.26 (284.5)
ALFP1-3-3S-LT 41.88 (288.8) ALFP2-:3-3S-LT 43.34 (298.8)
ALFP3-1-3S-LT 41.41 (285.5) ALFP4-.-3S-LT 42.95 (296.1)
ALFP3-2-3S-LT 41.54 (286.4) ALFP4-2-3S-LT 42.68 (294.3)
ALFP3-3-3S-LT 41.61 (286.9) ALFP4-3-3S-LT 43.32 (296.7)
q..P-1-3S-LT 45.28 (312.2) ALFP6-1-3S-LT 46.65 (321.6)
ALFP5-2-3S-LT 44.96 (3'06.0) ALFP6-2-3S-LT 46.26 (318.5)

YLFP5-3-3S-LT 44.91 (309.6) AFFP6-3-3S-LT 46.72 (322.1)

AVERAGE 43.48 (299.8)

LONGITUDINAL

A.LFPI-1-3S-L 45.80 (318.3) ALFPZ-1-3S-L 42.71 (294.5)
ALFP1-2-3S-L 43.15 (297.5) ALFP2-2-3S-L 42.71 (294.5)
ALFP1-3-3S-L 43.09 (297.1) ALFP2-3-3S-L 42.48 (292.9)
ALFP3-1-3S-L 43.89 (382.7) PLFP4-1-3S-L 44.58 (306.8)
AJTF3-2-3S-L 42.53 (293.3) AFP4-2-3S-L 44.76 (306.2)
AL.FP3-3-3S-L 42.60 (293.7) ALFP4-3-3S-L 45.12 (311.1)
ALFPS-1-3S-4- 46.38 (319.8) ALFP6-1-3S-L 48.68 (335.1)
ALFP5-2-3S-L 46.86 (323.1) kYFP6-2-3S-L 48.15 (332.0)
LfP5-3-35-L 46.38 (319.2) ALFP6-3-3S-L 48.18 (332.2)

AVERAGE 44.83 (389.1)
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TABLE 16A

PIN BEARING RESULTS FOR ALUMINUM HAND FORGING (7175-T736)W. (e/D = 1.5, LONGITUDINAL)

,- BEARING YIELD BEARING ULTIMATE
SPECIMENii STRENGTH STRENGT

IDENTIFICATION KsI (MPa) Ks i (MPa)

e/D - 1.5, LONGITUDINAL
""'ALFPI-1-3B-L 89.24 (615.3) 109.20 (753.2)

ALFPI-2-3B-L 91.61 (631.7) 113.20 (780.6)
"" ALFPI-3-3B-L 88.94 (613.2) 121.60 (M36.5)

ALFPZ-1-3B-L 83.83 (578.0) 187.39 (739.6)
AUP2-2-3B-L 88.46 (689.9) 109.10 (752.4)
ALFP2-3-3B-L 85.37 (568.7) 168.70 (749.4)
A•FP3-1-3B-L 84.75 (584.4) 108.8E (750.5)
ALFP3-2-3B-L 89.70 (618.5) 110.40 (761.1)
ALFP3-3-3B-L. 84.35 (581.6) 108.80 (750.1)
ALFP4-1-3B-L 91.78 (632.8) 113.58 (782.8)
A.FP4-2-3B-L 94.86 (654.1) 112.50 (775.7)
FLFP4-3-3B-L 90.90 (626.7) 113.88 (784.9)
ILFP5-1-3B-L 96.44 (665.0) 114.60 (789.9)
"LFP5-2-3B-L 99.47 (685.9) 119.38 (822.4)
.LFP5-3"3B-I. 100.90 (695.7) 119.40 (823.4)
A:FP6-1-3B-L 105.98 (738.5) 123.86 (853.5)
ALFP6-2-3B-L 96.69 (666.5) 119.30 (8&.3)
R'YP6-3-3B-L 187.88 (743.3) 127.60 (679.6)

AVERAGE 92.94 (648.9) 114.50 (789.5)

7.8
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TABLE 16B

PIN BEARING RESULTS FOR AL'IMINUM HAND FORGING (7175-T736)
(e/D = 1.5, LONG TRANSVERSE)

BEARING YIELD BIAIG ULTIMATE
SPECIMEN STRENGTHSTNGTH

IDENTIFICATION Kst (M'Pa) Ka I (ePa)
-Na

e/D - 1.5, LONG TRASVERSE

ALFPI-I-3B-LT 85.59 (590.1) 106.50 (734.2)
ALFP1-2-3B-LT 84.46 (5W2.3) 105.60 (727.9)
ALFP1-3-3B-LT 83.72 (577.3) 105.70 (7m8.9)
ALFP2 -- 3B-LT 82.04 (565.7) 103.30 (712.6)
ALFP2-2-3B-LT 81.95 (565.1) 103.40 (713.0)
ALFP2-3-35B-LT 81.91 (564.8) 103.20 (711.8)
ALFP3-1-3B"LT 81.38 (561.1) 104.90 (723.0)
.LFP3-2-3B-LT 81.71 (563.4) 104.80 (722.5)
-LFP3-3-3B-LT 83.29 (574.3) 104.00 (717.1)
.LFP4-1-3B-LT 89.24 (615.3) 110.10 (759.0)
FLFP4-2-3B-LT 87.53 (603.5) 110.30 (768.5)
ALFP4-3-3B-LT 88.36 (6809.2) 110.10 (759.4)
•LFP5-1-3B-LT 96.09 (662.5) 115.30 (?95.0)
RIFP5-2-3B-LT 95.43 (658.0) 116.90 (SM.7)
ALFP5-3-3B-LT 95.70 (659.9) 115.90 (799.2)
AL.FP6-1-3B-I.T 102.40 (706.0) 122.50 (844.6)
L.FP6-2-3B-LT 99.38 (665.2) 122.00 (841.5)

%LYP6-3-3B-LT 99.02 (682.8) 120.50 (830.6)

AVEFqGE 88.84 (612.6) 110.30 (760.4)
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TABLE 16C

P.:. BEARING RESULTS FOR ALUMINUM HAND FORGING (7175--T736)
(e/D = 1.5, SHORT TRANSVERSE)

BEARING YIELD BEARING LLTIMATE
SPECIEN STR TH ST TH

ID)ENITIFICATION K~s (MWa) Ks i (MPa)

e/D - 1.5, SHORT TRANSVERSE

PLFPI-1-3B-ST 95.63 (659.3) 116.20 (800.9)
ALFP1-2-3B-ST 97.78 (674.2) 113.00 (779.2)
AFPI-3-3B-ST 94.32 (650.3) 111.70 (77M.4)
ALFP2-1-3B-ST 85.44 (589.1) 109.70 (756.2)
ALFP2-2-3B-ST 68.71 (611.6) 109.80 (757.1)
:L.FP2-3--3B-ST 99.43 (685.6) 122.10 (841.7)
ALFP3-1-3B-ST 104.30 (719.2) 118.30 (815.6)
ALFP3-2-3B-ST 88.49 (610.1) 109.20 (752.6)
FLFP3-3--3D-ST 91.71 (632.3) 108.80 (750.3)
ALFP4-1-3B-ST 101.80 (702.0) 119.60 (824.8)
ALFP4-2-3B-ST 98.73 (680.8) 129.00 (827.5)
AIFP4-3-3B-ST 104.00 (717.4) 124.00 (855.3)

AVEGE 95.66 (661.0) 115.20 (794.3)
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TABLE 16D

PIN BEARING RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(e/D = 2.0, LONGITUDINAL)

BEARING YIELD BEARING ULTIMATE
SPECIMEi STRNGTH STRO-M

IDENTIFICATIOt4 Ks!i (MPa) Kst (MPa)

e/D - 2.8, LONGITUDINAL

ALPI-1-3B-L 108.90 (750.8) 141.00 ( 972.3)
LFPI-2-3B-L 109.10 (752.1) 142.90 ( 985.2)

ALFP1-3-3B-L 107.60 (742.0) 141.50 ( 975.5)
OLFP2-1-3B-L 106.00 (730.7) 139.1 ( 959.1)

AL.P2-2-3B-L 100.60 (693.9) 138.20 ( 953.1)
ALFP2-3-3B-L 105.90 (729.9) 138.30 ( 953.7)
ALFP3-1-3B-L 98.54 (679.4) 139.90 ( 964.7)
ALFP3-2-3B-L 104.50 (720.4) 142.80 ( 984.4)
ALFP3-3-3B-L 104.50 (720.6) 139.10 ( 959.1)
ALFP4-1-3B-L 111.20 (767.0) 145.80 (1006.0)
ALFP4-2-3B-L 119.70 (763.0) 145.80 (1005.0)
ALFP4-3-39-L 115.30 (794.8) 147.60 (1018.0)
FA4FPS-1-3B-L 120.60 (831.8) 154.90 (1068.0)
•LFP5-2-3B-L 121.10 (835.0) 153.80 (1060.0)
oLFP5-3-3B-L 118.48 (816.6) 153.98 (1061.0)
".ALFF6-3B-L. 127.68 (68m.9) 162.60 (1121.0)
SLFP6-2-3B-L 117.68 (811.0) 156.70 (1080.0)
" LFP6--3B.L 114.20 (787.3) 158.68 (1094.0)

AVERAGE 111.30 (767.1) 146.80 (1012.0)
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TABLE 16E

PIN BEARING RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(e/D = 2.0, LONG TRANSVERSE)

BEARING YIELD BEARING ULTIMATE
SPECIMEN STRENGTH STITH

IDENTIFICATION Kbs (iPa) Ks(3 (WPa)

e/D - 2.0, LONG TRANSVERSE

ALFPI-I-3B-LT 104.90 (723.5) 139.20 ( 959.9)
ALFP1-2-3B-LT 102.7C (708.2) 137.70 ( 949.4)
RLFP1-3-3B-LT 100.20 (691.8) 136.80 ( 943.3)
ALFP2-1-3B-LT 9e.83 (681.4) 135.30 ( 932.9)
ALFP2-2-3B-LT 96.56 (665.1) 133.58 ( 920.5)
ALFP2-3-3B-LT 99.10 (683.3) 134.80 ( 929.7)
ALFP3-1-3B-LT 104.10 (717.7) 136.10 ( 938.3)
FLFP3-2-3B-LT 100.90 (695.7) 136.10 ( 938.1)
ALFP3-3-3B-LT 96.19 (663.2) 134.7e ( 92.8)
ALFP4-1-3B-LT 108.00 (744.7) 143.30 ( 987.7)
ALFP4-2-3B-LT 109.20 (752.6) 143.00 ( 985.8)
ALFP4-3-3B-LT 114.80 (791.4) 143.50 ( 9%9.2)
AfPS-1-3B-LT 94.57 (652.0) 147.80 (1019.0)
ALFP5-2-3B-LT 104.20 (718.7) 150.90 (1048.0)
ALFP5-3-3B-LT 114.60 (789.9) 150.68 (1038.0)
ALFP6-1-3B-LT 125.68 (665.7) 15B.48 (1092.0)
.LFP6-2-3B-LT 123.80 (853.5) 156.50 (1093.0)

ALFP6-3-3B-LT 126.30 (870.6) 157.40 (1385.0)

AVERAGE 106.90 (737.2) 143.26 C987.3)
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TABLE 16F

PIN BEARING RESULTS FOR ALUMINUM HAND FORGING (7175-T736)
(e/D = 2.0, SHORT TRANSVERSE)

BErARING YIELD BERINIG ULTIMATE
SPECIMENi STREGTH STREGTH

IDlENTIFICATION'I Ksi (MPa) Ksi (MPa)

e'D - 2.0, SHORT TRANSVERSE

ALFP1-1-3B-ST 116.30 (760.4) 145.66 (LO8. 0)
,.FP1-2-3B-ST 111.20 (766.5) 143.96 ( 992.3)
-FP:-3-3:-ST 108.56 (748.1) 144.20 ( 994.5)
ALFP2-1-3B-ST 107.56 (741.4) 141.70 ( 977.2)
ALFP2-2-3B-ST 1068.0 (736.3) 141.48 ( 975.1)
-LFP2-3-3B-ST 107.40 (748.3) 141.30 ( 974.4)
"".LFP3-l-3B-ST 169.66 (755.4) 143.70 ( 991.1)
AL:P3-2-3B-ST 186.30 (732.9) 146.90 ( 971.6)
A .LFP3-3-3B-ST 107.00 (737.9) 142.38 ( 980.8)
":FP4-1-3B-ST 117.90 (812.7) 149.68 (1BM.0)
""-.FP4-2-3B-ST 113.98 (785.0) 146.56 (181S.0)

LFtP4-3-3B-ST 110.68 (758.5) 148.66 ( 965.3)

AVERAE 169.79 (756.3) 143.48 0 988.8)
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Figure 21. Typical Bearing Stress vs. Deflection Curve for

1 7175-T736 Aluminum Hand Forging.
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* Figure 22a. Bearing Ultimlate Stress as a Function of Forging
Thickness e/d = 1.5.
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Figure 22b. Bearing Yield Stress as a Function of Forging
Thickness e/d = 1.5.
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Figure 23b. Bearing Yield Stress as a Function of Forging
Thickness e/D 2.0.
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TABLE 17A

FATIGUE TEST RESULTS FOR HAND FORGED ALUMINUM (7175-T736)
(ROUND, UNNOTCHED, LONGITUDINAL)

K,_ =1.0

Spec i men Max i mum Stress Cycles to
Identification ksi (MWa) Failure Remarks

Round, Unnotched, Longitudinal

ALFP4-3-3FL 72.5 (499.89) 6,700
Aurp2-3-:3FL 76. (482.65) N.A. railed below 76 ksi
ALFP6-2-3FL 67.5 (465.41) 32,300
A LFPZ-2-3FL 65.0 (448.18) 10,6W0
ALFP1-3-3FL 65. (448.18) 16,906
ILFP3-2-3FL 62.5 (436.94) 20,5W6
SALFP4-1-3FL 60. (413.70) 29,700
A.FP6-3-3FL 60. (413.70) ,74,400
ALFP5-2-3FL 57.5 (396.46) 118,9g6
:LFP1-1-3FL 56. (366.12) N. A. Failure from overload
A.FP1-2-3FL 56. (386.12) 46,300
ALFP3-3-3FL 55. (379.23) 3B, 106
ALFP6-1-3FL 52.5 (361.99) 42,606
-LFP2-1-3FL 56. (344.75) 135,566
PJ- '-3-5FL 50. (344.75) 18,6,0 Runout
A,7 -S-1-3FL 47.5 (327.51) 337,100
..FP3-1-3'L 45. (310.2B) 10,000,606 Runout
t.FP4-2-3FL 42.5 (293.64) 10 6, 06, Runout
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TABLE 17B

FATIGUE TEST RESULTS FOR HAND FORGED ALUMINUM (7175-T736)
(ROUND, NOTCHED, LONGITUDINAL)

Kt = 3.0

Specimen Maximum Stress Cycles to
Identification ksi (MPa) Failure Remarks

Round Nlotched, Longitudinal

:LFP2-2-3FL 50. (344.75) 2,400
ALFP4-1-3rL 45. (310.28) 3,600
ALFP,.-2-3FL 42.5 (293.04) 1,166
ALFPl-1-3FL 40. (275.80) 4,700
ALFP6-2-3FL 37.5 (258.56) 8,800
eLFPS-1-3FL 35. (241.33) 9,800V tLFP4-2-3FL 32.5 (224.09) 9,400
AMFP2-1-3FL 30. (206.85) 14,806
:LFP5-2-3FL 27.5 (189.61) 19,000
ALFP6-1-3FL 25. (172.38) 20,700
ALFP3-3-3FL 22.5 (155.14) - 45,200
ALFPS-3-3FL 22.5 (155.14) 60,900
ALFP3-1-3FL 20. (137.90) 72,906
RLFP4-3-3FL 20. (137.90) 114,600
F4YP1-3-3FL 17.5 (120.66) 138,600
ALFP2-3-3FL 17.5 (120.66) 200,6W.
ALFP6-3-3FL 15. (103.43) 10,000,000 Runout
*LFPI-2-3FL 15. (163.43) 10,000,000 Runout

169
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TABLE 17C

FATIGUE TEST RESULTS FOR HAND FORGED ALUMINUM (7175-T736)
(ROUND, UNNOTCHED, LONG TRANSVERSE)

K = 1.0
t

Specimen Maximum Stress Cycles to
Identification ks i (MPa) Failure Remarks

Round, .nnotched, Long Transverse

%LFP4-8-1FILT 70. (482.65) 6,900
*LF P4-1-12FLT 67.5 (465.41) 9,100
ALFP4-2-12FLT 65. (448.18) 18,680
ALFP4-3-12FLT 62.5 (430.94) 16,680
=LFP4-4-12FLT 68. (413.70) 22,300
ALFP4-5-12FT 57.5 (396.46) 36,800

tLFP4-6-12FLT 55. (379.Z3) 31,30w
ALFP4-7-12FLT 52.5 (361.99) 45,480
FLFP4-11-12-LT 58. (344.75) 38,100
ALFP4-12-12FT 47.5 (327.51) 6,096,000
RLFP4-9-12FLT 45. (310.28) 76,800
ALFP4-10-1FqLT 48. (275.80) 18,800,806 Runout

IL
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TABLE 17D

. FATIGUE TEST RESULTS FOR HAND FORGED ALUMINUM (7175-T736)
(ROUND, NOTCHED, LONG TRANSVERSE)

Kt. 3.0

S-., Specimen Maximum Stress Cycles to
Identification ksi (lOPa) Failure Remarks

Round, Notched, Long Transverse

ALFP4-11-12'LT 45. (310.28) 2,9W
ALFP4-7-1a2LT 40. (275.68) 4,5W8
,LFP4-&-12FLT 37.5 (258.56) 6,200
'LFP4-9-12FLT 35. (241.33) 8,808
""LFP4-10-12FLT 32.5 (224.89) 8,200
"ALP4-1-12FLT 30. (286.85) 12,508
'+LFP4-4-15LT 27.5 (169.61) 16,800
AILFP4-2-1a2LT 25. (172.33) 22,808
".LFP4-5-12FLT 22.5 (155.14) 31,760
A . ULFP4-3-12FLT 28. (137.9e) 48,168

"-" ALFP4-6-12R.T 17.5 (128.66) 137,400
' .:LFP4-12-12FLT 12.5 ( 86.19) 364,200

92

II

. . . . . . . .

S-. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

'-- . - . . . . . . . . . . . . . . . . . . . . . . . . 5



OdVY '.0 'SS3UlLS vInflIixvyy
0 00 C
0 0 0

UCU
oL In

U-

0--

ozSNI v4'ixy

[ 93



DdW~ '~SS38iLS Vwlnwixvwd

0 0 0

0 0i

2 CA

LL. .LJ
C: 0~

w

0 0 0 0 0 0 0 0

!SMI '-0 'SS38LLS wnwlVixvvy'

9.1



90 -600
7175-1736 ALUMINUM ALLOY

S80 -HAND FORGING

UNNOTCHED, LONG TRANSVERSE
* R -0.1, R.T. -500

Fn 70 •.
600

-600
a w

~50 0

S300

S40

30 200

20 I2

103 104 105 106 107

LIFETIME, Nf CYCLES

Figure 26. tijal Load Fatigue Data (One Heat Only) Kt = 1.0.
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ALUMINUM EXTRUSION - 7050-T736511

Material Description

This 7050 Aluminum Extrusion was heat treated to the

T736511 temper. The material is now produced and commonly

referred to as T74511. They were produced as extrusions by

Martin Marietta. Twelve extrusions in total were used in ob-

taining samples for this test program. The average chemical

composition is shown in Table 19.

TABLE 19

CHEMICAL COMPOSITION OF 7050-T736511 ALUMINUM EXTRUSION

Chemical Composition Percent Weight

Silicon 0.05
Iron 0.11
copper 2.24
Magnesium 2.29
Nickel 0.01
Zinc 6.38
Titanium 0.03
Lead 0.01
Zirconium 0.10

Figure 28 shows the layout of the specimens as they were

obtained from the extrusions. The various shapes and location

of the specimens are shown in Figures 28A through 28L. This

grouping was replicated three times for each extrusion. The

nomenclature for the samples is as follows: B-bearing, FC-flat

compression, FT-flat tension, SFT-shot flat tension, SRT-short

round tension, AS-Amsler Shear, SB-shot bearing.

The direction from which the sample has been taken is indi-

cated as: -L longitudinal, -LT longitudinal transverse, -ST

short transverse. Precise specimen location was performed in

accordance with ASTM B 557.
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Specimen Numberin~g-Se£uence

The sample specimen number in sequence is shown as

follows:

ALEE 105 - 1 - 3B - L

The specimen designation is broken down as follows:

ALE - aluminum extrusion
E105 - from extrusion 105

-1 - first sample of 3

-3 - three samples from this 2xtrusion
B - a bearing sample

L - longitudinal sample

For the specimens shown above, the material is for aluminum

extrusion 7050-T736511 and comes from extrusion number 105, the

first of three bearing samples in the longitudinal direction.

Test Results

From Table 20, it can be seen that specimens were obtained
for all types of tests from nearly all extrusions. As noted

previously the geometry of the specimen used for each type of

test is contained in Appendix A. Appendix B contains the data

sheets previously published for this material.

Tension. Results of the tension tests are shown in Table

21. Longitudinal and long transverse results were obtained from

flat, short flat, and short round samples. A typical stress

versus strain curve in tension for this material is shown in

Figure 29. Tension ultimate and tension yield stress is also

plotted as a function of plate thickness in Figure 30.

Compression. Compression results were obtained from all 12

extrusions from both the longitudinal and transverse directions.

The results from this test in compression are shown in Table 22.

Table 22a contains the results of the longitudinal samples.

Long transerse results are presented in Table 22b. A typical

compression stress-strain curve for this material is shown in
,71
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Figure 31. Compressive yield strength is plotted as a function

of plate thickness in Figure 32.

Shear. The Amsler Shear specimen was used to determine the

shear properties of this aluminum extrusion. Table 23 provides

the results from these tests. The lower part of the table is

for the Amsler Shear in the longitudinal direction while the top

part is for the Amsler Shear in the long transverse direction.

Figure 33 is a typical plot of the shear as a function of dis-

placement during the shear test. Figure 34 plots the ultimate

shear strength as a function of specimen thickness for the

Amsler Shear Test.

Bearing. Pin-bearing test results are reported for e/D's

of 1.5 and 2.0 for longitudinal and long transverse directions

in Table 24. The ratio, e/D, is the ratio of the distance be-

tween the central line of the hole in the bearing specimen and

the edge of the specimen (e) to the diameter of the bearing hole

(D). Tables 24A and 24B are for the e/D's of 1.5 with lon-

gitudinal and transverse orientations respectively. Tables 24C

and 24D are for e/D's of 2.0 in the longitudinal and long

transverse orientations. A typical stress versus deflection

curve in bearing is presented in Figure 35. Figure 36 presents

the yield and ultimate bearing strengths as a function of plate

thickness for an e/D of 1.5. Figure 37 presents similar results

for an e/D of 2.0.

Summary of Mechanical Properties

A summary of the test results in tension, compression,

shear and bearing is shown in Table 25. Values are given for

each extrusion and each section thickness. These values were

used in plotting the property versus specimen thickness curves

in this section.
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TABLE 21A

TENSILE RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(LONG, RECTANGULAR, LONGITUDINAL)

ULTIMATE 0.2 PERCENT ELONG.
TENSILE OFYSE T YIELD IN 2.0 IN. R!DJCT. TENSILE
STRNGTH STREGTH 50.8 nm) IN AREA MODUL

SPECIMEN ID. Kst (MPa) Kot (MPa) PERCENT PERCENT Kt ( 4GPa)

LONG, RECTNG1LAR, LONGITUDINAL

ALEE105-1-3T-L 78.89 (544.0) 69.21 (477.2) 12.97 28.75 10368 (71.42)
ALEEI85-2-3T-L 78.79 (543.3) 68.94 (475.4) 12.95 29.10 13OM (71.49)
AU1EIIS--3-3T-L 79.13 (545.6) 69.30 (477.8) 13.47 29.99 10500 (72.39)
ALEE107-1-6T-L 79.69 (549.4) 69.69 (480.5) 10.40 23.59 10630 (73.27)
:LE107-2-6T-L 79.07 (545.2) 68.85 (474.7) 10.42 30.37 9985 (68.84)
ALEE107-3-6T-L 79.36 (547.3) 69.14 (476.7) 11.12 23.94 10090 (69.54)
ALEEI-4-6T-L 79.86 (550.7) 70.11 (483.4) 14.00 31.22 10670 (73.57)
AIE]E07-5-6T-L 79.82 (558.3) 69.68 (480.4) 12.65 2B.99 10470 (72.18)
:LEE107-6T-L 79.58 (548.7) 69.54 (479.5) 13.30 27.20 10330 (71.23)
ALEE110-1-3T-. 81.42 (561.4) 74.00 (510.2) 15.50 31.90 10250 (70.69)
RLEE118-2-3T-L 81.14 (559.4) 73.63 (507.7) 15.55 31.56 10450 (72.08)
ALEE110-3-3T-L 81.20 (559.9) 73.64 (507.7) 16.27 32.21 10360 (71.45)
RLEE112-1-3T-L 79.10 (545.4) 70.80 (488.2) 16.60 33.81 10370 (71.53)
ALEE112-2-3T-L 78.67 (542.4) '(0.15 (483.7) 15.45 33.41 10460 (72.10)

I.EE112-3-3T-L 78.47 (541.1) 69.99 (482.6) 15.92 31.21 18378 (71.50)
ALEE114-1-3T-L 77.08 (531.5) 66..79 (460.5) 9.10 15.37 10578 ("2.89)
ALEE114-2-3T-L 76.85 (529.9) 66.36 (457.5) 10.62 13.39 102M (70.77)
AL•E114-3-3T-L 76.86 (530.0) 66.82 (460.7) 9.67 19.08 10140 (69.90)
ALEE115-1-3T-L 77.32 (533.1) 67.52 (465.6) 14.15 32.19 103M0 (71.55)
ALEE115-2-3T-L 76.96 (530.6) 67.10 (462.7) 13.97 32.65 10430 (71.89)
R-EE115-3-3T-L 76.77 (529.3) 66.52 (458.7) 12.62 23.36 10360 (71.44)
I.E122-1-3T-L 85.02 (586.2) 77.87 (536.9) 13.42 26.16 10550 (72.71)

ALEE122-2-3T-L 84.70 (584.0) 77.74 (536.0) 13.52 26.52 10480 (72.26)
ALEE122-3-3T-L 84.51 (582.7) 77.32 (533.1) 14.42 31.22 10470 (72.21)
ALEE124-1-3T-L 78.26 (539.6) 68.29 (470.9) 16.90 34.08 10470 (72.20)
RLEE124-2-3T-L 78.44 (5W.8) 68.71 (473.8) 16.35 37.80 10270 (70.81)
ALEE124-3-3T-L 78.21 (539.2) 68.43 (471.8) 16.80 36.25 10270 (70.82)
I.EE126-1-3T-L 78.39 (540.5) 67.82 (,467.6) 13.17 28.71 10360 (71.45)
RLEE126-2-3T-L 76.73 (542.9) 68.35 (471.2) 11.57 25.15 10480 (72.29)
ALEE126-3-3T-L 78.35 (540.2) 67.88 (468.0) 11.75 25.19 18370 (71.51)
ALE127-1-3T-L 78.30 (539.9) 69.73 (480.8) 13.80 27.58 18470 (72.19)
ALEE127-2-3T-L 78.62 (542.1) 69.93 (482.1) 13.65 31.13 10450 (72.04)
A.EE127-3-3T-L 78.71 (542.7) 69.89 (481.9) 14.30 30.00 10466 (72.16)
ALEE128-1-3T-L 76.01 (524.1) 65.66 (452.7) 13.17 30.32 10370 (71.49)
AEE128-2-3T-L 75.73 (522.2) 65.60 (452.3) 14.52 32.30 10210 (70.42)
ALEE128-3-3T-L 76.38 (526.7) 65.87 (454.2) 13.35 30.14 10320 (71.17)
ALEE703-1-3T-L 78.57 (541.7) 68.78 (474.3) 13.40 28.47 10290 (70.93)
ALEE703-2-3T-L 78.40 (548.6) 68.40 (,071.6) 13.65 27.96 18290 (76.98)
ALEE703-3-3T-L 78.79 (543.3) 69.06 (476.2) 13.15 Z7.58 10230 (70.53)

AVERAGE 7P 98 (544.6) 69.57 (479.7) 13.53 28.77 10370 (71.54)
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TABLE 21B

TENSILE RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(LONG, RECTANGULAR, LONG TRANSVERSE)

LLTIIMTE 0.2 PERCENT ELONG.
TENSILE .OFSE YIELD IN 2.9 IN. REDUCT. TENSILESTRENGTH STRENiGTH (50.8 mam) IN ARE mq(oul.

SPECIMEN ID. K7.i (5pa) Ks7 (4I6.) 12.ER6E2T 26.E Kai (GP&)

LONG, RECTANIGJL.AR, LONG TASES

:LEE127-1-3T-LT 77.57 (534.9) 68.19 (470.2) 13.22 25.19 1BM (72.89)LIE2?-i-32T-LT 77.21 (532.4) 66. (455.6) 13.17 28.22 1S62 (7344)
ALEEtIZ?-3--3T-I.T 77.28 (532.9) 67.87 (468.0) 13.60 26.20 1W5W (73.00)
:LEE1WS-t-31"-L.T 76. 10 (524.7) 66.0I8 (455.6) 13.17 28.22 1865 (73.44)

RLEEt12-2-3T-LT 76.18 (525.2) 66.02 (455.2) 13.57 28.78 19419 (71.79)
ALEE12--3-3T-LT 76.31 (526.2) 65.94 (454.7) 15.72 30.63 18348 (71.26)

S76.78 (529.4) 66.95 (461.7) 13.65 27.66 18510 (72.48)

IN.
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TABLE 21C

"TENSILE RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(SHORT, ROUND, LONG TRANSVERSE)

ULTIMATE 0.2 PECENT ELONG.
TENSILE OFFSET YIELD IN 1.0 IN. REDUCT. TENSILE
STRENGTH STRENGTH C 25.4 wmm) IN AREA MODLLUIS

SPECIMEN ID. Ksi (MPa) KsI (MPa) PERCENT PERCENT Ks1 (GPa)

S..RT, ROIW, LONG TRAS VERSE

... EE110-1-3T-LT 77.23 (532.5) 68.97 (475.5) 12.95 32.76 16830 (69.15)
ALEE110-2-3T-LT 77.19 (532.2) 69.24 (477.4) 12.25 28.48 9983 (68.63)
,LEF.110-3-3-LT 76.62 (528.3) 68.63 (473.2) 11.25 29.27 99M (68.28)
"LEE112-1-3T-LT 75.90 (523.3) 66.95 (461.6) 11.45 23.40 9848 (67.85)

SALI112-2-3T-LT 76.15 (525.1) 66.90 (461.3) 10.45 23.34 9999 (68.94)
:LEE112-3-3T-LT 75.54 (52M.8) 65.83 (453.9) 12.10 20.79 9819 (67.70)
ALEE1I5-1-3T-LT 74.16 (511.4) 63.59 (438.5) 12.30 31.28 1090" (69.57)
ILEE115-2-3T-0T 75.98 (523.9) 65.29 (450.1) 13.65 32.76 10160 (70.68)

ALEE115--3-3T-LT 76.12 (524.9) 65.43 (451.2) 13.70 33.14 10120 (69.80)
'LEE124-1-3T-LT 75.68 (521.8) 65.64 (452.6) 14.10 29.55 10948 (69.29)
SAEE124-2-3T-LT 75.58 (521.1) 65.22 (449.7) 13.45 28.71 9959 (68.67)
ALJE124-3-3T-LT 75.73 (522.2) 65.57 (452.1) 14.15 30.06 1604 (69.22)
.- I.E73-1-3T-LT 75.87 (523.1) 65.63 (451.8) 9.65 18.34 10190 (78.24)

SALE703-3-3T-LT 75.97 (523.8) 66.13 (456.0) 10.28 17.26 9962 (68.69)
'"EAL 3-3-3T-LT 76.15 (525.0) 65.63 (452.5) 10.75 19.91 10120 (69.79)

AVERAGE 75.99 (524.0) 66.36 (457.2) 12.16 26.68 1020 (69.87)
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TABLE 21D

TENSILE RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(SHORT, RECTANGULAR, LONG TRANSVERSE)

ULTIIMTE 3.2 PERCENT ELONG.
TENSILE OFFSET YIELD IN 8.5 IN. REDUCT. TFENSILE
STRENGTH STRENGH 12.7 amm) IN AREA MODILUS

SPECIMIEN ID. Ksl (MPa) Koi (MPa) PERCENT PERCENT Kli (GPa)

SHORT, RECTAN4GLAR, LONG TRANSVERSE

AL.EI0,-1-3T-LT 75.56 (521.0) 66.27 (456.9) 29.20 38.88 1572 (72.89)
-.EE18--2-3T-LT 76.57 (527.9) 65.76 (453.4) 28.66 38.17 18311 (71.89)

:LEIES1-3-3T-LT 77.31 (533.1) 66.82 (455.2) 29.68 29.75 1542 (72.69)
*:E187-1-6T-LT 76.46 (527.2) 66.16 (456.2) 18.89 28.46 IBM9 (79.96)
AI.EE107-2-6T-LT 76.46 (527.2) 65.99 (454.4) 29.68 27.'78 18443 (72.08)
FLEEIB7-3-6T-LT 76.61 (528.2) 65.52 (451.8) 19.18 26.39 1BM (79.69)
IiLEE17-4-6T-LT 80.88 (557.7) 69.53 (479.4) 17.29 26.66 185S8 (72.80)
:LEE187-5-6T-LT 81.25 (568.2) 78.31 (484.8) 18.48 28.11 1683 (73.11)
A.IE10?-6-6T-LT 81.25 (568.2) 71.99 (498.2) 19.68 27.2? 16470 (72.19)
:LIE114-1-3T-LT 80.53 (555.3) 69.52 (479.3) 14.30 9.39 10586 (73.80)
:LIE114-2-3T-LT 86.65 (556.1) 69.89 (481.9) 16.98 16.39 18919 (75.29)
:.EE114-3-3T-LT 79.57 (548.6) 67.17 (463.1) 15.68 15.89 11141 (76.82)
ALEE122-I-3T-LT 81.49 (561.9) 72.94 (582.9) 18.86 23.25 18191 (78.27)
A.EEI22-2-3T-LT 81.33 (560.8) 72.79 (561.9) 18.79 25.98 18361 (71.44)I:LEE122-3--3T--IT 80.88 (557.7) 72.29 (498.4) 1I. 10 25. 46 10331 (71.23)

AI.E126-1-3T-LT 76.57 (528.0) 64.26 (443.1) 28.08 29.72 16311 (71,09)
:LE126-2-3T-LT 76.26 (525.8) 64.14 (442.2) 29.89 38.12 1O3M (78.55)
:LI6-3-3"r-t.T 7.6.41 (526.8) 64.63 (445.6) 28.99 28.88 10441 (71.99)

AVRG 78.67 (54•2..4) 68.01 (468.9) 18.77 25.5"3 10480 (72.23:)
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TABLE 22A

COMPRESSION RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(RECTANGULAR, LONGITUDINAL)

0.2 PERCENT
OFFSET YIELD CMflRSSIVE

SPECIMEIN STREGTH MODUJLUS
IDENTIFICATION Ksi (MPa) Ksi (GPa)

RECTANGULAR, LONGITUDINAL

L.EE105-1-3C-L 70.33 (484.9) 15O70 (72.91)
ALEE105-2-3C-L 69.60 (479.9) 1870 (74.95)
FtIEE15-3-3C-L 70.10 (483.4) 10500 (72.48)
AL.Z107-1-3C-L 68.74 (474.0) 1853W (72.60)
:LEE17-2-3C-L 68.93 (475.3) 1586 (72.93)
ALEE1•7-3-3C-L 68.88 (474.9) 1660 (73.06)
ALEEIIO--I-3C-L 75.15S (518.2) W@640 (73.38)

ALEE110-2-3C-L 75.64 (521.5) 16646 (73.34)
ALEEII6-3-3C-L 77.54 (534.6) 10650 (73.41)
ALEE114-1-3C-L 66.59 (459.1) 10710 (73.87)
ALEE114-2-3C-L 66.60 (455.1) 18629 (73.21)
ALEE114-3-3C-L 66.56 (458.5) 18456 (72.05)
ALEE115-1-3C-L 66.67 (459.7) 1062• (73.25)
ALEE115-2-3C-L 67.40 (464.71 16729 (73.92)
ALEF115-3-3C-L 68.24 (47.!r) 10730 (7?.%96)
ALEE122-1-3C-L 82.22 (566.9) 10680 (73.63)
A1I2-2-3C-L 82.08 (565.9) 16568 (72.84)
RLE122-3-3C-L 86.88 (557.6) 10740 (74.64)
ALEE124-1-3C-L 69.78 (481.2) 16770 (74.27)
ALEI124-2-3C-L 68.91 (475.2) 10650 (73.44)
:LEE124-3-3C-L 68.97 (475.6) 165% (73.63)
ALEE12-!-3C-L 67.66 (466.5) 10430 (71.94)

, EE126-2-3C-L 68.84 (474.7) 16576 (72.88)
ALEEZ16-3-3C-L 67.82 (467.6) 1049 (72..V)
ALE127-1-3C-1. 71.74 (494.6) 1786e (73.78)
ALEE127-2-3C-L 70.01 (482.7) 16576 (72.91)
ALEE127-3-3C-L 71.48 (492.9) 10660 (73.51)
ALEEIEB-1-3C-L 65.35 (458.6) 10520 (72.53)
ALEE129-2-3C-L 66.35 (457.5) 10470 (72.18)
RLEE12B-3-3C-L 66.12 (455.9) 16486 (71.71)
ALEE7"3-1-3C-L 68.92 (475.2) 10570 (72.85)
PIEE703-2-3C-L 68.92 (475.2) 10526 (72.55)
AEE793-3-3C-L 69.12 (476.6) 1057M (72.87)

AVERAGE 70.35 (485.1) 10600 (73.11)
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TABLE 22B

COMPRESSION RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(RECTANGULAR, LONG TRANSVERSE)

0.2 PERCENT
OfMIT YIELD COMPRESSIVE

SPECIMEN STRENGTH MODL0JUS
iIETIFICATION Ks i (MPa) Ksi (GPa)

RECTGAGAR, LONG TWMVERSE

ALEE105-1-3C-LT 69.27 (477.6) 1W568 (72.82)
ALE105-2-3C-LT 69.73 (480.8) 10548 (72.67)
ALEE105-3-3C-LT 68.46 (472.0) 10570 (72.89)
ALEL'.07-i-3C-.T 73.22 (5c44.8) 10380 (74.46)
ALEEIOT-2-3C-iT 73.68 (508.1) 10950 (75.49)
ALEE107-3-3C-LT 73.94 (509,8) 188a (75.01)
ALEE110-1-3C-LT 73.21 (504.8) 10690 (73.70)
ALEE110-2-3C-LT 73.01 (503.4) 10630 (73.30)
ALEE110-3-3C-LT 72.67 (501.1) 10750 (74.10)
LEE I14-1-3C-LT 72.68 (501.1) 11650 (76.20)

k.EE114-Z-3C-LT 73.62 (507.6) 11110 (76.61)
FLEE114-3-3C-LT 73.72 (50W.3) 11848 (76.14)
ALEZ-115-1-3C-LT j7 -79 (467.4) I10"B (75.17)

ALEE115-2-3C-LT 68. Z5 (470.6) 10740 (74.04)
AI.EE115-3-3C-LT 68.77 (474.2) 10770 (74.26)
ALE*IfI?2-1-3C-LT 77.22 (53Z..4) 10970 (75.63)
ALEEIa-2-3C-LT 7?..42 (533.8) 10530 (72.63)
ALEE122-3-3C-LT 78.04 (538.1) 10850 (74.78)
ALLE124-1-3C-LT 69.28 (477.2) 10880 (74.99)
AI.EE124-2-3C-i.T 50.83 (350.51 11010 (75.ES,)
FLEE124-3-3C"-LT 68.20 (470.2' 10990 (75.79)
ALEE126-1-3C-LT 67.91 (468.2) 11060 (75.67)
ALEE126-2-3C-LT 67.72 (466.9) 10758 (74.09)
ALEE126--3-3C-LT 67.34 (464.3) 10790 (74.38)
HLEE127-1-3C-LT 69.94 (482.2) 10920 (75.30)
ALEE127-2-3C-LT 69.68 (480.4) 1079 (74.40)
ALEE127-3-3C-LT 54.75 (377.5) 11070 (76.35)
FLEE12-1-3C-LT 69-09 (476.4) 10800 (74.46)
ALEE128-2-3C-LT 69.54 (473.5) 10830 (74.68)
ALEE128-3-3C-LT 69.45 (47F 3; 10950 (75.58)
RLEF703-1-3C-LT 69.78 (481.1) 10770 (74.28)
ALEE703-Z-3C-LT 70.41 (485.5) 10890 (75.09)
A-EE703-3-3C-LT 70.01 (482.7) 11060 (76.23)

"AVERE 69.96 (482.3) 10M40 (74.76)
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Figure 33.. Typical Stress-Strain Curve in compression for
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TABLE 23

AMSLER DOUBLE-SHEAR RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)

LLTIM'TE LLTIMATE
SP•ECIMEN€ SHA STRENTH SPECIM04' SHEA:R SRNT

IDENTIFICATION Ksi (MPa) IDENTIFICATIONI Kai (MPa)

LONG T"r•bv3E

FLEE•'7-1-3S-LT 44.75 (33B.5) L..EE1l0-1-3S-LT 45.80 (315.8)
ALEE187-2-3S-LT 44.91 (309.7) PLEE11@-2-3S-LT 45.65 (314.8)
ALEE1"7-3-3S-LT 44.77 (3M9.7) ALEEI10-3-3S-LT 45.8 (315.9)

I.EE112-1-3S-LT 45.08 (310.8) ALEE115-1-3S-LT 43.82 (302.1)
ALEE112-2-3S-LT 45.42 (313.2) ALEE115-2-3S-LT 43.36 (298.9)
ALEE112-3-3S-LT 45.10 (311.0) ALEE115-3-3S-LT 43.25 (298.2)
:LEE124-1-3S-LT 44.32 (305.6) ALEEI26-1-3S-LT 44.18 (384.6)
ALEE124-2-3S-LT 44.10 (304.1) IAEE126-2-3S-LT 43.97 (383.2)
AI•124-3-3S-LT 47.29 (326.1) ALEEI26-3-3S-LT 44.66 (307.9)
AI!"127-1-3S-LT 44.62 (307.6) ILEEI128-1-3S-LT 44.66 (387.9)
S1Z7-2-3S-LT 46.70 (322.0) A:.LEELZB-2-3S.-LT 43.95 (383.0)
ALEE127-3-3S-LT 44.58 (307.4) ALEE12-3-3S-LT 44.56 (387.3)
A:LEE793-1-3S-LT 44.57 (307.3)
PLEE703-2-3S-4_T 44.56 (307.3)
ALEE703-3-3S-LT 44.65 (309.3)

AVERAGE 44.79 (306.8)

LONGITUDINA

ALEE17-1-3S-L 47.88 (330.1) AL.EE110-1-3S-L 49.05 (338.2)
A:EE107-2-3S-L 47.47 (327.3) ALEE1i'-2-3S--L 49.29 (339.3)
AZE107-3-3S-L 46.31 (319.3) ALEE110-3-3S-L 47.77 (329.4)
ALIE112-1-3S-L 46.99 (324.0) AI.E115-1-3S-L 44.39 (306.1)
ALEE112-2-3S-L 45.61 (314.5) ALEEIiS-2-3S-L 44.34 (305.7)
ALEE112-3-3S-L 46.90 (3Z3.4) ALEE115-3-3S-L 47.66 (326.2)
PLEE122-1-3S-L 48.88 (337.0) AL•E124-1-3S-L 44.53 (387.0)
ALEE122-2-3S-L 47.97 (338.8) RLEE124-2-3S-L 47.16 (325.2)
ALEE12-•- zS-L 48.53 (334.6) ALEE124-3-3S-L 46.94 (323.6)
P:E126-.-3S-L 46.00 (317.2) ALEEI27-1-3S-L 44.36 (305.9)
A.FLE126-Z-3S-L 45.83 (310.5) ALEElZ7-2-3S-L 44.78 (308.8)
ALEE126-3-3S-L 44.74 (308.5) AE127-3-3S-L 44.64 (307.8)
AL•I128-1-3S-L 45.19 (311.6) ALEE703-1-3S-L 46.09 (317.8)
ALEE128-2-3S-L 45.15 (311.3) ALEE703-2-3S-L 45.36 (312.9)
L£EE128-3-3S-L 45.26 (312.1) ALEE703-3-3S-L 44.89 (309.5)

AVERAGE 46.30 (319.3)
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Figure 33. Shear Stress vs. Deflection Curve for 7050-
T736511 Aluminum Extrusion.
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Figure 34. Ultimate Shear Strength as a Function of Extru-
sion Thickness.

127

"OS



TABLE 24A

PIN-BEARING RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(e/D = 1.5, LONGITUDINAL)

BEARING YIELD BEARING LLTIMrTE
SPEC IMEN STRENGTH STR4GNh

IDEN•TIFICATION Kai (Wa) Ks i (MP&)

e/D - 1.5, LONGITUDINAL

A.EE105-1-3B-L 96.43 (664.9) 128.76 (8M.5)
iLE105-2-3B-L 97.31 (671.8) 121.08 (834.3)
ALEE1I5-3-3B-L 97.29 (670.8) 118.96 (819.9)
ALEE107-1-3B-L 99.5 (683.0) 122.60 (845.4)
A.EE107-2-3B-L 97.24 (670.5) 122.70 (846.1)
ALEE107-3-38-L 98.59 (679.8) 1Z3.58 (851.8)
ALE]ILO-1-3B-I 181.96 (702.7) 126.90 (875.3)
AUEE10-2-3B-L 102.78 (708.0) 126.10 (869.5)
ALEE110-3-3B-L 161.68 (700.7) 126.98 (874.8)
ALEE114-1-3B-L 93.44 (644.3) 117.78 (811.6)
AUEE114-2-3B-L 95.25 (656.7) 118.20 (815.1)
ALEE114-3-38-L 95.38 1657.7) 118.10 (814.1)
ALEE115-1-39-L 92.60 (638.5) 116.48 (8M2.5)
SLEE11S-2-3B-L 93.20 (642.6) 115.98 (799.2)
"ALEE115-3-3B-L 92.14 (635.3) 116.36 (eW.2)
AI.LE124-1-3B-L 96.05 (662.3) 128.50 (831.2)
ALEE124-2-3B-L 92.82 (640.0) 116.70 (804.4)
AL.E124-3-3B-L 94.59 (652.2) 120.30 (829.3)
ALEI126-1-3B'-L 93.59 (645.3) 118.58 (816.8)
ALEE126-2-3B-L 93.68 (645.9) 118.80 (819.3)
ALIE126-3-3B-L 93.79 (646.7) 117.98 (812.7)
PI.E•IZ7-1-3B-L 91.58 (631.4) L14.10 (786.9)

ALEE1I7-2-3B-L 93.91 (647.5) 116.98 (805.7)
ALEE127-3-3B-L 91.44 (638.5) 115.98 (799.2)
AU1128-1-?B-L 97.31 (671.6) 121.20 (836.0)L: LEE128-2-3B-L 93.79 (646.7) 120.60 (831.6)
ALE128-3-3B-L 97.71 (673.7) 126.10 (827.8)
AL.703-1-3B-L 96.14 (662.9) 119.88 (8.8)

ALEE703-2-3B-L 94.68 (652.8) 118.30 (815.7)
PLEE703-3-3B-L 94.76 (653.4) 120.30 (829.6)

AVE 95.67 (659.6) 119.78 (825.4)
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TABLE 24B

PIN-BEARING RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(e/D = 1.5, LONG TRANSVERSE)

BEARING YIELD BEARING LLTIIMTESPECIMEN S' I RENG H SI'NTHDGI-

IDENTIFICRTION Ka i (MPa) Ksi (MPa)

-- D - -- 1.5 LON TRNVES

ALEE105-1-3B-LT 95.17 (656.2) 119.60 (824.6)
I,,EE18-2-3B-L.T 95.95 (661.6) 118.69 (817.8)

ALE:105-3-3B-LT 94.37 (659.7) 118.99 (813.3)
:LEE10?-l-3B-LT 101.29 (697.9) 125.88 (867.3)
:LEE17-2-3B-LT 100.40 (692.5) 124.89 (869.6)
LE9E7-3-3B-LT 196.50 (692.6) 125.00 (861.7)
.L10-1-3B-I..T 97.90 (675.9) 119.23 (82.2)
LEElli-2-3B-LT 99.88 (689.6) 119.30 (821.8)

I:LE110-3-3B-LT 98.71 (689.6) 121.26 (85.5)
RLEE114-1-3B-LT 94.89 (648.8) 119.68 (824.7)
RLEE114-2-3B-LT 94.85 (654.0) 119.38 (SM.4)
ALEE114-3-39-LT 94.97 (654.8) 12.23 (Me.9)
:LM115-1-39-LT 90.38 (623.2) 115.60 (796.8)
:LEE115-2-3B-LT 93.81 (646.8) 117.88 (811.9)

" LE115-3-3B-LT 92.34 (636.7) 116.30 (8E.2)
:LEE124-1-3B-LT 94.87 (654.2) 117.50 (819.3)
,LEE124-2-3B-LT 91.19 (628.8) 115.30 (795.0)A ~LEE124-3--3B-L7 94.2:8 (650.1) 118.30 (816.0)

"ALIE126-1-3& - 93.59 (644.7) 114.68 (790.3)
S6LIEE126-2-3B-LT 91.95 (634.8) 115.20 (794.1)

RLE]EI6-3-3B-LT 94.58 (652.1) 116.70 (894.4)
I:EE127-1-3B-LT 93.81 (646.8) 117.89 (811.9)
:LI127-2-38-LT 94.88 (654.2) 119.3 (SM.1)

2LEE127-3-3B-LT 93.Z3 (642.8) 116.68 (893.8)
ALE.128-1-3B-LT 96.24 (663.6) 1Z2.98 (847.3)II.Jrl-2-3B-LT 98.40 (678.4) 1Z3.60 (648.1)
A.IEE128-3-3B-LT 97.61 (673.8) 128.76 (83.5)
ALEE703-1-3B-LT 92.73 (639.4) 115.3 (794.1)
ALEEB3-Z-3B-LT 92.92 (640.7) 117.30 (999.0)
F:L.-73-3-3B-L.T 92.55 (638.1) 114.70 (791.8)

AVRGE 95.24 (656.7) 118.80 (819.4)

1/
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TABLE 24C

PIN-BEARING RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(e/D = 2.0, LONGITUDINAL)

BEARING YIELD BEARING LLTIMATE
SPECIMEN STRENGTH STR4GTM

IDENTIFICATION Ks i (MPa) Ks i (tPPa)

e/D - 2.0, LONGITUDIN:F.

ALEE105-1-38-L 11b.83 (885.2) 154.50 (1066.0)
K.0AL]E105-2-3B--. 112. SC C775z.7) 153.10 (1055.0)
ALEE105-3-3B-L 117. so (9.9) 154.10 (1063.0)
P.LEE107-1-3B-L 1155.0 (9%.27) 454.10 (1063.0)
A..EE107-2-39-L 19.,"0 (82S. .) 155.40 (1069.0)
ALEE107-3-3B-L 115o.86 (797.2) 145.90 (1035.0)
ALEE110-1-39-L 11.40 ( 1.3) 162.80 (1117.0)
ALEE1I0--2-38-L 18.48a (86'.5) 159.80 (10%.0)
ALEE110"-3-3B-L 1123.0 (847.4) 165.00 (1117.0)i E126-1-3B-L 1Z1.68 (804.2) 147.60 (1018.0)

FLEE114-2-3B-L 1143.60 (78.,) 149.40 (108M.0)
LEE1 14-3-3B-L 115.610 (797.6) 1t49.80 (1034.0)SALEEI15-1-3B-I_ 112. el (772.4) 14e.9e (1w?". o)

.ALEE115-2-3B-L 112.78 (777.0) 147.40 (1017.0)
ALEE115-3-3B-L 101.00 (744.5) 146.70 (1012.0)
LLEE124-1-3B-L 114.20 (787.3) 153.10 (1086.0)
:LEE124-2-3B-L 114.40 (788.5) 1W.0 (1033.0)ALEE124-3-3B-L. 112.70 (7"77.4; 154.00 (1062.0)
AL.EE126-1-3B-L 116.60 (804.2) 150.30 (1036.0)
ALEE126--2-3B-L 11W. 00 (785.8) 151.10 (1042.0)

ALEE126-3-3B-L 113.10 (779.6) 150.00 (1034.0)
ALEE7IZ-1-3B-L 115.10 (793.3) 150.10 (1835.0)
A.EEIZ7-2-3B-L 113.60 (783.3) 150.60 (1852.0)ALEE127-3-3B--L 115.70 (797.6) 148.70 (1025.0)

ALEE128-1-3B-L 112.60 (776.4) 152.48 (1050.0)ALEEI1:8-2-3B-L 113.00 (779.1) 152.40 (1050.0)
ALEEI2B-3-3B--L 113.20 (780.2) 152.20 (1049.0)
ALEET03-1-3B-L 114.80 (791.8) 153.10 (1056.0)
ALEE783-2-3B--L 112.00 (772.5) 152.60 (1052.0)
AL.EET03-3-3B-L 115.60 (797.1I) 153.30 (1057.0)

-- 114.90 (792.4) 152.40 (1051.0)
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TABLE 24D

PIN-BEARING RESULTS FOR ALUMINUM EXTRUSION (7050-T736511)
(e/D =2.0, LONG TRANSVERSE)

BEARING YIELD BEARING LLTIMATE
SPECIMEN STRENGTH STREGTH

IDENTIFICATION Ks (MPa) Ksi (MPa)

e/D - 2.0, LONG TRASVR

"ALEE105-1-3B-LT 113.20 (780.2) 151.90 (1048.0)
6LEE105-2-3B-LT 117.10 (807.6) 152.60 (1052.0)

.ALEE105-3-3B-LT 116.10 (800.5) 152.30 (1050.0)
"ALEE107-1-3B-LT 118.80 (819.4) 157.90 (1089.0)
ALEE107-2-3B-LT 121.20 (835.4) 158.00 (1090.0)

, "ALEE107-3-3B-LT 118.30 (816.0) 158.10 (1090.0)
.LEE110-1-3B-LT 116.60 (819.3) 156.70 (1081.0)
.AI.110-2-3B-LT 124.20 (656.4) 155.70 (1074.0)
ALEE118-3-3B-LT 125.40 (864.9) 158.00 (1090.0)
AL.EE114-1-3B-LT 117.20 (807.9) 152.80 (1054.0)
.LEE114-2-3B-LT 116.40 (802.7) 153.80 (1061.0)
ALE114-3-3B-LT 116.30 (802.0) 154.60 (1%62.0)
ALEE115-1-39-LT 117.20 (809.3) 151.90 (1047.0)
SALEE115-2-39-LT 114.50 (789.5) 150.90 (1041.0)
AI.E115-3-3B-LT 118.30 (815.9) 151.40 (1044.0)
"-ALI124-1-3B-LT 114.00 (786.6) 150.90 (1041.0)
ALEE124-2-3B-LT 117.30 (809.1) 151.90 (1047.0)
AL.EE124-3-39-LT 114.49 (789.0) 151.30 (1843.0)
PFtEI26-1-3B-LT 111.60 (769.6) 150.50 (1036.0)
PLEE126-2-3B-LT 114.00 (785.7) 151.10 (1842.0)
ALEE126-3-3B-LT 113.70 (784.3) 150.40 (1037.0)
:..E127-1-3B-LT 115.90 (799.1) 152.60 (18W.0)
ALEE127-2-3B-LT 120.00 (827.1) 154.30 (1064.0)
-ALE127-3-3B-tT 115.48 (795.9) 152.40 (1051.0)
r6ALEEI-1-3B-LT 116.20 (800.9) 156.10 (1076.0)
-"LE128-2-3B-LT 119.10 (e20.9) 155.70 (1074.0)
-LE128-3--3-LT 113.40 (781.9) 152.30 (1850.0)
--AE703-1-3B-LT 113.50 (782.7) 147.30 (1016.0)
"ALEE703-Z-3B-LT , * 152.00 (1048.0)
..LE703-3-3B-LT 110.50 (761.9) 147.80 (1819.0)

_ AV•GE 116.60 (804.1) 153.10 (1056.0)

* NO DATA DLE TO PROBLEMS DLRING TESTING
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Figure 35. Pin-Bearina Stress vs. Displacement for 7050-
T736511 Aluminum Extrusion.
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THICKNESS (cm)
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Figure 36. Bearing Ultimate Stress as a Function of Extrusion
Thickness Range for e/D = 1.5.
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Figure 37. Bearing Yield Stress as a Function of Extrusion
Thickness R~ange for e/D 1.5.
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Figure 38. Bearing Ultimate Stress as a Function of Extrusion
Thickness for e/D = 2.0.
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UDR-TM-84-14

APPENDIX B
MECHANICAL PROPERTY

DATA SHEETS

Prepared by:

UNIVERSITY OF DAYTON
Research Institute
Dayton, Ohio 45469

F33615-82-C-5102

153

" 4• 4-'. , .*~ 4 .' " - . ' ' . " . " . . " j . ° , " . , , ". L b " - q , . a • . . • . . .



This data sheet was prepared by the University of Dayton
Research Institute under Contract No. F33615-82-C-5102, wuider
the direction of the Air Force Wright Aeronautical Laboratories,
Materials Laboratory, Mr. Neal Ontko, MLSA, Technical
Monitor.

Notices

When Government drawings, specifications, or other data
are used for any purpose other than in connection with a
definitely related Government procurement operation, the United
States Government thereby incurs no responsibility nor any
obligation whatsoever; and the fact that the Government may

- have formuilated, furnished, or in any way supplied the said
drawings, specifications, or other data, is not to be
"regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying
any rights or permission to manufacture, use, or sell any
potential invention that may be in any way related thereto.

Approved for public release; distribution unlimited.

Copies of this report should not be returned unless
return is required by security considerations, contractual
obligations, or notice on a specific document.
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UDR-TM-84-14
May 1984

15-5PH (H1025) Stainless Steel Alloy Hot-Rolled Plate

Material Description

This 15-SPH Stainless Steel Alloy, heat-treated to the
H1025 condition was provided by G. 0. Carlson, Thorndale,
Pennsylvania. The plates were received in thicknesses from
0.215 to 2.579 inches, widths varying from 10 to 16 inches,
and lengths varying from 35 to 78 inches.

The average chemical composition of this lot is as
follows:

Chemical Percent
Composition Weight

Carbon 0.037
Manganese 0.32
Phosphorus 0.023
Sulfur 0.004
Silicon 0.43
Chromium 14.59
Nickel 4.73
Copper 3.27
Columbium 0.23
Tantalum 0.01
Iron Balance

Processing and Heat Treating

The 15-5PH stainless steel alloy was obtained as hot-
rolled plate that was solution annealed and pickled. Each
plate was heat-treated separately to the H1025 condition.

Results

The average values for each property are listed in Table
1 by plate direction. Due to the large numbers of data points

(50 each from multiple heats for notched and unnotched specimens),
only fatigue bands are presented in Figures 1 and 2. The long
transverse fatigue data were genarated from one heat only and
are presented as curves in Figures 3 and 4.

P.-
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Table B-i

15-5PH Stainless Steel Plate

Condition: H1025(a)

R.T.

Plate Direction
Properties Longitudinal Long Transverse Short Transverse

Tension

TUS, ksi (MPa) 171.0 (1179) 171.4 (1182) --

TYS, ksi (MPa) 165.6 (1142) 166.0 (1145) --
RA, percent 58.5 57.6 --
e, percent in 2 in. 15.0 14.8 --

(50.8 mm)
E, 103 ksi (GPa) 28.66 (197.6) 28.72 (198)

Compression

CYS, ksi (MPa) 175.6 (1210.8) 1.75.3 (120S.7) 174.9 ( 1 2 0 6 )(b)

E , 103 ksi (GPa) 29.85 (205.8) 29.84 (205.7) 30.03 ( 2 0 7 . 1 )(b)

Shear

SUS, ksi (MPa)(c) 114.3 (788) 113.2 (781) --

SUS, ksi (MPa) (d) 108.1 (745) 109.0 (752) --

Bearing

e/D = 1.5
BUS, ksi (MPa) 287.3 (1981) 287.2 (1980) --

BYS, ksi (MPa) 246.1 (1696) 246.3 (1698) --

e/D = 2.0
BUS, ksi (MPa) 368.4 (2540) 367.8 (2536) --
BYS, ksi (MPa) 286.7 (1977) 289.1 (1993) --

S(a) Values are average of triplicate room temperature tests conducted at
the University of Dayton Research Institute under the subject contract.

" (b) Compression tests in short transverse direction conducted for two heats,
the plate thicknesses of which were greater than 1.5 inches.

(c) Full thickness tensile shear tests from three heats (plates), the plate
thicknesses of which were less than 0.3 inch.

(d) 0.25 inch diameter double pin shear tests from seven heats (plates),
the plate thicknesses of which were greater than 0.3 inch.

158

I



~0O -- - - - IS- 5PM Stainlets Steel
I Plote, Condition M1025z19-0 i Unnotched, Longitudinoll 1300

190 - -O. R. T.
[-, 20

I A
1130 - - mot

U)
1402

lic - w

120 0

10100

120-

u,70010
soI

St

io 400

50159

S4



200

Sl ~15- 5PH Stainlessi Steel

, ~Plate, Condition H1025
Unnotched

100 U - --1 Long Transverse ,R, 0A R.T. -. 1200

_ _o &

t;1060 .10 0•11002

120 Boo~

m FAILEO AT 400 CYCVLES

100 700

6w0

.10' io0 610

Lifetime, Or. Cycles d

Figure B-3. Axial load fatigue data of unnotched 15-SPH stainless
steel (HI025, long transverse).
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Figure B-4. Axial load fatigue data of notched 15-5PH stainless
steel (HI025, long transverse).
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UDR-TM-84-20
June 1984

7175-T736 Aluminum Alloy Hand Forging

Material Description

This 7175 Aluminum Alloy, heat-treated to the T736 temper,
was produced by ALCOA as a hand forging. Six plates were
received in thicknesses ranging from 2 to 6.25 inches, widths
ranging from 12 to 16 inches, and lengths of either 30 or
31 inches. This report contains data generated only from these
six plates (heats).

The average chemical composition of the six heats is as
follows:

Chemical Percent
Composition Weight

Silicon 0.078
Manganese 0.010
Magnesium 2.1
Iron 0.089
Copper 1.3
Zinc 5.3
Titanium 0.021
Chromium 0.190
Aluminum Balance

Processing and Heat Treating

The 7175 aluminum alloy was processed into rectangular
shapes by hand forging. The alloy plates were heat treated
to the T736 temper.

Results

Only data from the six plates tested are included in this

report. The average values for each property are listed in
Table 1 by plate direction. The fatigue data and bands for the
data are presented in Figures 1 and 2 for the longitudinal
direction (notched and unnotched from multiple heats) and in
Figures 3 and 4 for the long transverse direction from one
heat only.
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Table B-2

7175-T736 Aluminum Alloy Hand Forging(a)

R.T.

Plate Direction
Properties L;ngitudinai Long Transverse Short Transverse

Tension

TUS, ksi (MPa) 72.3 (498.5) 71.6 (493.4) 71.6 (493.4)
TYS, ksi (MPa) 61.7 (425.7) 60.0 (413.7) 60.1 (414.4)
RA, percent 38.6 22.1 15.6
e, percent in 2 in. 22.1 15.6 8.9

(50.8 mm)
E, 10 3  ksi (GPa, 10.23 (70.6) 10.18 (70.2) 10.04 (69.2)

Cempression

CYS, ksi (MPa) 64.9 (447.6) 64.3 (443.3) 63.8 (439.f)
- E 1, 103 ksi (G!,a) 1-0.54 (72.7) 11.02 (76.0) 10.92 (73.3)

Shear

SUS, ksi (MPa)/c,) 42.9 (295.7) 40.0 (275.8) 40.8 (281.3)
* SUS, ksi (MPa, , 14.8 (308.9) 43.5 (299.9) 43.1 (297.2)

r:." Bearing

e/D = 1.5 (
BUS, ksi (MPa) 114.5 (789.5) 110.3 (760.5) 115.2 ( 7 9 4 . 3 )(d)
BYS, ksi (MPa) 92.9 (640.5) 88.8 (612.3) 95.9 ( 6 6 1 . 2 )(d)

e/D = 2.0
BUS, ksi (MPa) 146.8 (1012.2) 143.2 (987.4) 143.4 ( 9 8 8 . 7 )(d)
BYS, ksi (MPa) 111.3 (767.4) 106.9 (737.1) 109.7 (756.4)

•/ (a) Values are average of triplicate room temperature tests conducted on six
* plates (heats) at the University of Dayton Research Institute under the

subject contract.

". (b) Double "rivet" pin shear tests conducted on all six heats for all three
directions usirg 3/8 inch diameter x 1.5 inch long double "rivet" shear
specimens.

(c) "Amsler" double pin shear tests conducted on all six heats for L and LT
directions and on four heats (with thicknesses above 3.0 inches), using
3/8 inch diameter x 3.0 inch long specimens.

ff (d) Bearing tests in the snort transverse direction were only conducted on.T-

4 heats which had thicknesses of 3.75 inches and greater.
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Figure B-5. Axial load fatigue data (multiple heats).
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Figure B-6. Axial load fatigue data (multiple heats).
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Figure B-8. Axial load fatigue data (one heat only).
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UDR-TM-84-35

"October 1984

"7050-1'736511 Aluminum Alloy Extrusion

Material Dezcr iL4ion

This 7050 Aluminum Alloy was produced by Martin Marietta in

the form of extrusions and heat treated to the T736511 temper.

.- Twelve extrusions were used in obtaining samples for this test

program. Due to the large variation in the geometry of the

* . extrusions some variation in test sample length and thickness was

required. This is most evident with the tensile samples in the

long transverse direcztion in which both long and short as well as

rectangular al-,- Lound samples were used.

The average cheinic3l composition of these extrusions is as

fol lows:

Chemical Percent

Composition Weight

Silicon .05

Iron .11

"Copper 2.24

Magnesuim 2.29

Nickel .01

Zinc 6.38liii Titanium .03
Lead .01

Zirconium .10

Aluminum Balance

Prgocsinq and Heat Treating

The 7050 Aluminum Alloy was processed and formed into

* various shapes by extrusion. These- extrusions were heat treated

"N to the T736511 temper.

"Results

Data frum samples of the 12 extrusions are included in this

report. The average values for tension, compression, shear and

. bearing are listed in Table 1 by specimen direction. The elonga-
rrton data presented was generated from long rectangular samples
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only. The shear results were obtained from the "Amsler" double

pin shear fixture.
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TABLE B-3
ALUMINUM EXTRUSION (7050-T736511)(a)

R.T.

Plate Direction
Properties Longitudinal Long Transverse

Tension
TUS,Ksi (MPa) 78.98 (544.6) 77.35 (533.3)
TYS,Ksi (MPa) 69.57 (479.7) 67.19 (463.3)
RA, percent 28.77 26.04

E, 10 3 Kai (GPa) 10.37 (71.54) 10.31 (71.05)

a, percent in 2 in(b) 13.53 13.65
(50.8 mm)

Compression
CYS, Ksi-MPa) 70.35 (4C5.1) 69.96 (482.3)

Ec 10 3 Ksi (GPa) 10.6 (73.1) 10.64 (74.)6)

Shear
SUS, Ksi (MPa) 46.30 (319.3) 44.79 (308,,e)

Bearing
e/D = 1.5

BUS, Ksi (MPa) 119.7 (825.4) 118.80 (819.4)
BYS, Ksi (MPa) 95.69 (659.6) 95.24 (656.7)

e/D = 2.0
BUS, Ksi (MPa) 152.4 (1051.0) 153.10 (1056.0)BYS, Ksi (MPa) 114.90 (792.4) 116.60 (804.1)

(a) Values are average of triplicate room temperature test con-
ducted on 12 extrusions at the University of Dayton Research
Institute under the subject contract.

(b) Elongation values from long, rectangular samples. Twelve
extrusions in longitudinal direction, two extrusions in long
trensverse direction. Gage section: 2 in long x .5 in wide.

(c) "Arnsler" Double pin shear test conducted on 10 extrusions in

the longitudinal direction and 9 extrusions in the lon'4
transverse direction.
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